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PEEFACE 

TO THE SIXTH EDITION. 



The approaching centenary of the railway locomotive, 
together with the consideration of the rapid develop- 
ments which have taken place since this work was 
last issued, renders it very desirable that a new and 
sixth edition shall now be published, in order to bring 
the links in the chain of information up to the present 
day. 

It is a remarkable fact that, although the steam 
engine has not yet been in use upon railways for a 
period of a hundred years, it has developed to the 
utmost of its powers upon railways as now con- 
structed. 

The modem locomotive, as illustrations and details 
given in this volume will show, has already been made 
of maximum dimensions ; and in view of the loading 
gauge, the height of bridges, aiid the width between 
the various pairs of rails, it is difficult to see how 
better results can be obtained than those already given 
by the most modem engines. 

When the first edition of this book was published, 
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the steam locomotive was practically the only means of 
propulsion for heavy weights and over long distances, 
and so long as the steam engine itself, with its tender, 
weighed only about 55 to 60 tons, and the average 
speed of trains did not exceed fifty miles an hour, 
nothing could be better than the steam locomotive; 
but now that loads have been vastly augmented and 
speeds increased, the size of the engine and tender has 
of necessity been enormously enlarged also, in many 
cases to 100, and even 110 tons, with the result that 
the railway locomotive has become an expensive and 
extravagant appliance. 

This very great change in circumstances requires 
some further examination and consideration. Taking 
a case for comparison, attention should in the first 
place be directed to the year of the great " continuous 
brake trials,*' when various trains of the most up-to- 
date description were tried at Newark in 1876. 

The average weight of the engines and tenders was 
then about 55 tons, and of the fifteen carriages about 
150 tons. The express train of that period, therefore, 
weighed about 210 tons complete. The average speed 
on various lines would be from 43 to 46 miles an 
hour, and the coal consumption about 18 to 22 lbs. 
per mile. 

Now let the details of a modern train be compared. 
The result will show that the engine and tender have 
doubled in weight. The train being increased to a load 
calculated as equal to twenty coaches, and composed of 
heavy carriages, such as dining carriages and corridor 
stock, will weigh fully 320 tons, or, with the engine 
and tender, about 420 tons. The average speed has 
increased to from 53 to 60 miles an hour, with the 
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result that the coal consumption has risen to 40, 50, 
and even 56 lbs. per mile, and often a second engine 
has to be taken. An enormous increase in working 
expenses is thus apparent, but this would be of no 
consequence if the paying load were proportionately 
increased. 

This, unfortunately, it appears, is not the case, for the 
official returns show that the 210-ton express of 1875 
carried more passengers, and brought in more receipts 
per mile, than the 420-ton express at the present day. 
In other words, it takes more steam, coal, and water 
now to convey an engine and tender alone than it did 
in 1875 to take the whole train and engine complete. 
The result is that expenses increase and shareholders' 
dividends fall. 

For many years it was found that out of every 
pound sterling taken in receipts, 8s. was required for 
working expenses, and 12s. was available for appropria- 
tion as dividend or otherwise. Now the position is 
reversed, and the working expenses take about 128. 3d., 
leaving a margin of only 7s. 9d. 

Railway directors and engineers, seeing that no 
further economy can be obtained with use of the steam 
locomotive, have naturally turned their attention to 
" electric traction,'* and the question is being asked, 
" Why haul about at the head of each train a 100-ton 
engine when, by means of two electric wires or con- 
ductors, power to work the train can be generated by 
stationary engines placed every few miles along a 
railway, and the traction be effected far better and 
more cheaply by electricity than by the modem heavy 
steam locomotive?" And as this volume is passing 
through the press, reports come to hand of projected 
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" petrol-engine autonomobile '* trains, said to be in 
construction in France and in England (see posty 
pp. 242-246). 

In previous editions reference has been made to the 
" Stretton Railway Collection '' which was prepared by 
the Author for the railway section of the Chicago Exhi- 
bition of 1893, and which, when placed in position, was 
found to consist of 1,500 photographs, books, drawings, 
papers, etc., and 10 tons weight of early railway rails. 
It should here be added that, since this collection was 
returned to England, the whole of it has been presented 
to the nation by the Author and his son, and as no 
building was available in which to place the complete 
collection, it has been distributed amongst various 
museums and free libraries at South Kensington, 
Liverpool, Leicester, Oxford, Crewe, Holyhead, and 
elsewhere. In a short time, no doubt, the various 
authorities will have completed the placing of the 
various exhibits in position for public inspection and 
use. 

0. E. S. 

Saxb Oobubg Housr, 
Lbiobbteb, 

December, 1902. 
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INTKODUCTION. 



Thb great increase of power and speed mentioned in 
tlie preface will at once suggest the questions, How 
has it been attained ? and, What are the particular 
improvements which have rendered it possible ? 

The improvement is due to three reasons. In the first 
place, all the main lines of the principal companies are 
laid with steel rails, and are in a state of most perfect 
efficiency, which has reduced the resistance considerably. 
Secondly, the introduction of " bogie '* express engines 
has now become almost general, indeed hardly any 
passenger engines have been built without "bogies" 
during the past two years ; and the large introduction 
of " bogie " carriages has also been a most important 
improvement. Thus it will be seen that the resist- 
ance to be overcome by the locomotive is considerably 
reduced. Thirdly, on the other hand, the power of the 
engines has been greatly increased by the use of higher 
steam pressure. Years ago 120 and 140 lbs. per square 
inch were the usual pressures ; now 160, 175, and 180 
are used, and 200 has been tried. The Author, how- 
ever, is not in favour of less than 160, or more than 
180. The extra pressure of from 20 to 40 lbs. per 
square inch may naturally be expected to add greatly 
to the work done by locomotives, and the fact that at 
least five miles an hour has been added to the maximum 
speed, together with the conveyance of heavier trains, 
is the practical result. The efficiency of design and 
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construction also enables " long runs " to be now made, 
which could not have been attempted some years ago. 

As mentioned in previous editions, the amount of 
early locomotive history available is enormous, and 
discoveries of drawings, books, and miscellaneous infor- 
mation are frequently being made, iu eluding official 
details of engines and carriages which for years past 
have been unknown and forgotten. Quite recently 
some large rolls of old documents have been sent to the 
Author for examination, and have been found to contain 
drawings and full particulars of engines which were 
employed considerably more than half a century ago. 

Attention should be directed to the fact, that in the 
early days of railways a very similar set of names was 
adopted by different lines for their locomotives. For 
instance, a " Comet," a " Phoenix," a ** Samson," a 
" Goliath,'' a ** Vulcan," an " Atlas," a " Liverpool," 
were to be found on nearly all lines, and the official 
lists prove that in 1840 no less than ten engines were 
running in this country named ** Liver " and " Liver- 
pool." This shows that those who desire to investigate 
the history of certain engines must be extremely careful 
not to be confused by the similarity of names. 

Another difficulty is that several locomotive makers 
each built ** trial engines " upon their own system or 
patent, and obtained the permission of certain com- 
panies to try them on their lines ; in some cases the 
railway companies afterwards purchased the engines, 
in others they did not. As an instance, Mr. Bury, in 
1830, built an engine named '* Dreadnought ; " it was, 
by permission, tried on no less than five lines, and then 
taken back to the works and broken up, but in 1831 
most of the parts were used in a new engine named 
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**lATerpool/* wliicli by permission of the Liverpool and 
'iS.aiickeBter Railway Company ran a trip on that line, 
and. was at once purchased for the Petersburg Railroad 
of America, where soon after its arrival in May, 1831, 
it became known as the '^ Spitfire/* The Author 
happens to have the maker's private number, marked 
upon the drawings, corresponding with that stamped 
upon parts of the engine itself, or it would have been 
impossible to trace its history. 

In a similar way an engine named " John Bull " was 
sent from Newcastle to the Mohawk and Hudson Rail- 
road in 1831, and immediately afterwards another 
engine named " Stevens " was sent from Newcastle to 
the Camden and Amboy Railroad, but upon its arrival 
in America the name was changed to " John Bull.*' 
Some doubt was at one time expressed as to which 
"John Bull" was actually the one at the Chicago 
Exhibition ; but by means of the old drawings, and an 
examination of the parts stamped with the maker's 
number, the Author had no difficulty in deciding that 
the engine at Chicago was without doubt the one which 
had been first named " Stevens," and the one with the 
round fire-box recorded by Wood in his book of 1838, 
Locomotive historians, and others who are interested 
in the subject, would do well to always record the 
makers' numbers of locomotives, as a comparison with 
the makers' books and drawings will at any time prove 
the actual date when made and other details. An 
instance of this is seen with reference to the " North 
Star," page 72. The engine was originally built for an 
American railway, and was actually sent on board ship 
to New York and back, before being altered for the 
Great Western Railway: by means of the maker's 
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number — 150 — still upon the engine preserved at 
Swindon, all doubt as to its history is removed, and 
the fact that another engine was built for Bussia, and 
numbered 163, proves that the two engines were not 
one and the same, as some persons have believed in 
consequence of their bearing the same name. 

As some newspapers often profess to record very 
extraordinary rates of speed, it may be advisable to 
point out one possible cause of error. We should beware 
of " speed indicators " which take their motion from the 
driving wheels of engines, as the Author, when the 
train was running no more than 55 miles an hour, has 
seen an indicator go up to 90 miles an hour, the 
increase being simply due to the " slipping '* of the 
driving wheels. 

The power of steam was known to Hero of Alexandria 
about 200 B.C., or fully two thousand years ago, and a 
book he then wrote treated of the expansive force of 
steam, and described the cylinder, piston, slide-valve, 
and common clack-valve. But although the power of 
steam was known, no attempts appear to have been made 
to turn it to useful and practical effect, even in station- 
ary engines, until 250 years ago. 

In the year 1759, Dr. Robinson suggested to James 
Watt the idea of steam carriages for running upon 
common roads, and models were made. Cugnot, in 
1769 and 1771, constructed steam carriages. Murdoch, 
in 1784, followed by many others, also made " models " 
and ** suggestions *' for working carriages by steam on 
ordinary roads ; but it was not until the year 1803 
that the first tram-road or railway locomotive was con* 
structed 



CHAPTEE 1/ 

EARLY LOCOMOTIVES USED UPON PRIVATE LINES 
FOR THE CONVEYANCE OF GOODS AND MINERALS. 

Tkevithick is undoubtedly the "father of the 
locomotive '* ; he employed high-pressure steam. He 
found by experience that flat wheels had suflBcient 




Fig. 1.— The First LocomotiTe, 1803. 



adhesion upon smooth rails, and he conveyed the ex- 
haust steam from the cylinder to the chimney by 
means of a pipe, which he turned upwards, and dis- 
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covered, by observing the practical result, that the 
blast of steam caused the fire to bum much better ; he 
therefore called it the " blast-pipe." This engine ran 
upon four wheels, 4 feet 6 inches diameter, the boiler 
was 6 feet in length, and contained a return flue-tube, 
the chimney being consequently at the same end as 
the fire-door; the engine had one cylinder placed 
horizontally, 8 inches diameter, the stroke being no 
less than 4 feet 6 inches. 

On the 24th February, 1804, it was tried upon the 
Penydarran cast-iron plate- way or tram-road, and con- 
veyed trucks containing ten tons of bar iron and about 
seventy persons to Merthyr Tydvil, a distance of nine 
miles. The engine worked satisfactorily from a 
mechanical point of view, but commercially it was not 
regarded as a success, being more expensive than horse 
traction. 

Trevithick does not appear to have followed up 
the development of the locomotive, but left to 
others the perfecting of those excellent principles 
which he introduced and discovered; probably it 
is on this account that he never has received the 
credit to which he was justly entitled for the con- 
struction of the first locomotive which ever ran upon 
rails. 

During the early part of the year 1811, Mr. John 
Blenkinsop, the proprietor of the Middleton Colliery, 
near Leeds, decided to convey the coal over his tram- 
road to that town by means of locomotive engines 
instead of by horses, and gave an order to Matthew 
Murray, an engineer, of Leeds, to commence the 
construction of such an engine. Both Blenkinsop 
and Murray were under the impression that sufB- 
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cient adhesion could not be obtained between 
smooth wheels and smooth rails ; and considering the 
gradients, loads required, and weight of their en- 
gine, which was only intended to be five tons, it is 
probable that their impression was correct. Mr. 
Blenkinsop, in April, 1811, took out a patent for a 
rack-rail and cogwheel driving-gear. The engiue was 
completed by Murray, and ran its first trip upon the 
Middleton line in August, 1812, and at once com- 
menced to convey coal daily from Middleton to the 
wharf at Great Wilson and Kidacre Streets, Jyceds, 
the distance being 
about three-and-a- 
half miles. 

The engine was 
named " Blenkin- 
sop,*' and ran upon 
four supporting 
wheels of 3 feet 6 
inches diameter, but 
they took no part in 
the driving of the 
engine. The boiler 
contained a flue- 
tube, 20 inches in 
diameter, having 

the fire-grate at one end and the chimney at the other. 
Two cylinders were employed, 8 in. in diameter, the 
stroke being 20 inches ; the cylinders were placed 
vertically half within the boiler. 

The connecting-rods conveyed motion to cranks, 
and by means of spur-wheels and gear communicated 
luotion to the main cog or driving-wheel ; that wheel 




Fig. 2.— "Blenkiusup," 1812. 
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was placed outside the smooth or running part of the 
rail; and engaged with the outside rack on the rail. 
Murray placed the two cranks at right angles to each 
other, thus insuring that one piston was exerting its 
greatest power when the other was at the end of its 
stroke. This engine, and others which followed, 
worked well for many years, and were also a complete 
commercial success. The " Blenkinsop " evaporated 
eight cubic feet of water per hour, consumed 75 lbs. 
of coal per hour, and was capable of conveying 94 
tons on the level at 3 J miles an hour ; its maximum 
speed being found to be about 10 miles an hour with a 
gross load of 20 tons. 

Messrs. Chapman, in December, 1811, obtained a 
patent for a method of working the locomotive 
engine by means of a chain stretched along the whole 
loDgth of a tram-road, and secured at each end ; this 
chain was in connection with a grooved pulley upon 
the engine, consequently when this pulley was put in 
motion, the engine wound itself along the chain ; in 
fact Chapman's chain acted the same purpose as 
Blenkinsop and Murray's rack-rail. Chapman's system 
was tried upon the Hetton Colliery tram-road, near 
Newcastle-on-Tyne, but in a very few weeks proved a 
complete failure. 

Mr. Blackett, of the Wylam Colliery, near Newcastle- 
on-Tyne, encouraged by the fact that Blenkinsop's 
engine was a commercial success and conveyed coal 
at a cheaper rate than horses, decided to make ex- 
periments of his own in the same direction. Mr. 
Blackett and his coal viewer, William Hedley, having 
made themselves acquainted with the working of the 
rack-rail system at Leeds, found that to adopt the 
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Blenkinsop engine would require the Wylam Kne 
to be relaid with rack-rails at very great cost. They 
therefore turned their attention to Trevithick's engine 
of 1803 (Fig. 1). and ultimately Mr. Blackett remarked, 
" If Trevithick obtained adhesion with smooth wheels 
on smooth rails, I can.'' To test the question, 
Blackett and Hedley constructed a frame upon four 
wheels provided with spur-gear and cranks to be 
worked by hand, and when this apparatus was tried 
on the Wylam railway, October, 1812, it was found 
that the smooth wheels gave the necessary adhesion. 

Blackett at once gave orders to Hedley to place a 
boiler upon this frame, and attach connecting-rods to 
the hand-cranks ; in fact to turn the test frame into 
a locomotive. Hedley did so, and the new engine was 
tried on the Wylam line, February, 1813, but it was 
short of steam and proved a failure ; the reason being 
that it was not provided with Trevithick's blast-pipe. 

In spite of this failure Mr. Blackett had great faith 
in steam power, and instructed Hedley to pull off all 
the top part of the engine, and construct a new boiler 
and cylinders. The engine, as rebuilt, was completed 
in May, 1813, and tried on the Wylam line. It had a 
wrought-iron boiler, with a return flue, the chimney 
being placed at the same end as the fire-door (as in 
Trevithick's engine); it had two vertical cylinders, the 
piston-rods being connected to beams, from which 
motion was communicated to the four smooth driving 
wheels by means of toothed-gear ; the exhaust steam 
from the cylinders was discharged by two blast-pipes 
into the chimney, and it was on account of the 
** puffing '* noise caused by these blast-pipes that the 
engine was named "Puffing Billy.*' (Fig. 3). 
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A. second engine, similar in every respect to Fig. 3, 
was at once built, and was named the " Wylam Dilly." 
Mr. Blackett therefore in 1813 had two locomotives 
which were successful, so far as conveying coal 
cheaper than horse-power, but he had by no means 
arrived at the end of his troubles, as will be seen, 
page 16. 

Mr. Brunton, of the Butterley Ironworks, Derby- 
shire, obtained a patent, in 1813, for a mode of 
accomplishing the locomotion of an engine without 
the aid of the adhesion of the wheels; it was, in 
fact, a "steam horse," having a pair of hind legs 
actuated by steam cylinders. It is hardly neces- 




Fig. 4.—'* Brunton's Engine," 1813. 

sary to say that the arrangement proved a complete 
failure. 

During the time that Blackett and Hedley were 
engaged at "Wylam, Lord Ravensworth and the partners 
in the Killingworth Colliery, and their engine-wright, 
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George Stephenson, were anxiously studying the 
subject at Killingworth. Towards the close of the 
year 1813 Stephenson designed his first engine, and 
was at once entrusted by Lord Ravensworth and 
partners with money to construct a locomotive for 
their railway. The engine was built at the "West 
Moor workshops of the colliery, and after being under 




l\g. 5. — QeoTge Stephenson's First Engine, 1814. 

construction for about ten months, was placed upon 
the Killingworth railway and tried for the first time 
on 26th July, 1814, being named or generally known 
as '* Blucher." (Fig. 5.) 

This engine ran upon four smooth wheels of 3 feet 
diameter, placed at a distance of 5 feet apart between 
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centres. The boiler was 8 feet long, 34 inches dia- 
meter, haying a flue-tube passing through it, 20 inches 
diameter. The cylinders were 8 inches diameter, 24 
inches stroke, and placed vertically, half within the 
boiler. The power of the two cylinders was com- 
municated by cross beams and connecting-rods to 
cranks on the spindles, of spur-wheels, which spur- 
wheels in turn actuated the large cog-wheels on the 
engine-axles. The small central spur-wheel was 
employed to maintain the cranks at right angles to 
each other. 

The engine " Blucher," on the 27th of July, 1814, 
couTcyed a train of eight waggons of coal, weighing 
30 tons, up a gradient of 1 in 450, at a speed 
of four miles an hour, and afterwards continued in 
daily work. This engine was not provided with 
springs, and the cog-wheel gear becoming worn, 
Stephenson was entrusted with money to construct 
a second engine ; it was built in 1815, under the 
protection of a patent granted to Stephenson and 
Dodd, 28th February, 1815. 

In this second engine of Stephenson's the connecting- 
rods were attached directly to crank-pins upon the 
wheels, the exhaust steam was discharged into the chim- 
iiey by two blast-pipes, and the four wheels were coupled 
together by rods. These coupling-rods, however, were 
not placed upon the crank-pins outside the wheels, 
but two double-cranked axles were employed having 
the cranks at right angles to each other, the two coup- 
liog-rods were therefore placed upon these inside 
cranks, between the wheels. In consequence of one 
of the crank-axles becoming bent, Stephenson aban- 
doned the arrangement of inside coupling-rods, and 
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adopted an endlesa chain passing over a toothed wheel 
upon each axle. 



ftOALB OF FBtT. 




Fig. 6. — (George StephenAon'&KiUixigworth Engine, 1816. 
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George Stephenson constructed for the Killingworth 
railway a third engine (Figs. 6 and 7), which was 




Fig. 7. — End view, Stephenson's Engine, 1316. 

provided with steam springs, protected by the Losh 
and Stephenson patent of September, 1816. 
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In the illustration (Fig. 6) a portion of the boiler 
side is supposed to be removed in order to show the 
single fire-flue. The steam springs, chain system of 
coupling the wheels, and the blast-pipe are all clearly 
illustrated. 

'• Puffing Billy " (Fig. 3) and " Wylam Dilly ' 
rested upon four wheels only, and their weight broke 
the Wylam cast-iron plate rails to such an extent, 
that it became necessary to carry half-a-dozen rails 
upon each engine, to replace those which might break 
on the journey. The owners of land in the district 
complained of the noise caused by the blast-pipes, 
and took counsel's opinion whether the lease of the 
land for the colliery railway was not vitiated by the 
noise of the exhaust steam from the chimney frighten* 
ing the cattle grazing near the line. 

To prevent the breaking of the rails Blackett and 
Hedley placed their engines upon eight wheels, and 
in order to pass round the curves they put the wheels 
under two frames ; in other words they placed each 
of their engines upon two four-ioheekd bogies ! and 
to overcome the blast-pipe difficulty they placed 
a cylindrical reservoir " S " between the cylinders 
and the chimney, in order that the steam might 
escape gradually and without noise by means of the 
pipe " R." 

The first of these engines thus altered, or rebuilt, is 
here illustrated as it was in 1815 (Fig. 8). 

The Wylam railway having been re-laid, the 
engines were again returned to four-wheeled locomo- 
tives in 1830. 
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"PuflBng Billy" remained at work upon the Wylam 




Fig. 8.— "Puffing Billy," as rebuilt 1815. 

line till 1862, when it was removed to the South 

c 
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Kensington Museum ; the " Wylam Dilly " is still 
preserved in the Edinburgh Museum. 

The Duke of Portland, in 1817, ordered an engine 
from George Stephenson, similar in every respect to 
Fig. 6, for use upon his Kilmarnock and Troon tram- 
road. The engine worked the coal traffic from the 
collieries to the Troon harbour successfully, but its 
use was afterwards given up, as the cast-iron tram- 
plates proved too weak to carry any engine. 

The owners of Hetton Colliery, near Sunderland, 
having seen the satisfactory working of Stephenson's 
locomotives upon the Killing worth line, decided, in 
1819, to alter their old "horse tram-road** into a 
locomotive railway, and they employed George Stephen- 
son as engineer, to lay out the line for them, and to 
construct the engines. At the opening of the Hetton 
railway on the 18th November, 1822, there were five 
of Stephenson's engines at work thereon, similar in 
design to Fii;;. 6, 



CHAPTER II. 

ENGierES EMPLOYED UPON PUBLIC RAILWAYS FOR 
THE OONYEYANCE OP PASSENGERS, GOODS, AND 
MINERALS. 

Thus far, it will be observed, locomotive engines had 
simply been employed by private colliery owners for 
conveyance of coal upon their own lines. The Stockton 
and Darlington "Public Railway" scheme was there- 
fore one of the important turning points in locomotive 
history. George Stephenson was appointed engineer, 
and application was made to Parliament in 1818. Twice 
the bill was rejected, but it passed in 1821, and on 
Tuesday, 27th September, 1825, this, the first public 
railway in the world, was opened for traffic. The 
engine which drew the first train, and, in fact, the 
only engine the company at that date possessed, was 
constructed by Messrs. Stephenson & Co., for the Stock- 
ton and Darlington line, in 1825, and was named 
** Locomotion." The handbill issued September, 1825, 
announcing the intended opening of the first public 
railway, proudly and emphatically describes ''Loco- 
motion " as ** The Company's Locomotive Engine and 
the Engine's Tender." 

This engine ran upon four wheels, had one large 
flue, or tube, through the boiler, the cylinders being 
placed vertically and half within the boiler ; the 
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exhaust steam from the cylinders was discharged into 
the chimney by two blast-pipes, one for each cylinder, 
that one for the left-hand side being plainly shown 
in Fig. 9. The boiler, which was worked at a pressure 
of 25 lbs. per square inch, is 10 feet long by 4 feet 
diameter, and has 60 square feet of heating surface. 
The two vertical cylinders are 10 inches diameter, 
and the stroke 24 inches ; the piston-rods being guided 
by parallel motions. By means of a cross-head and 




Fig. 9. — Stockton and Darlington Railway. 

1826. 



** Locomotion," No. 1, 



pair of connecting-rods the piston of the front cylinder 
is coupled to the crank-pius upon the leading wheels, 
the other piston being similarly coupled to the trail- 
ing wheels, while outside return cranks on the latter 
wheels enable the two pairs of wheels to be coupled 
with the main cranks at right angles. The wheels are 
4 feet diameter, and the weight of the engine in work- 
ing order is 6 tons 10 cwts. It was built at a cost of 
£600, and its speed was from six to eight miles an hour. 
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The tender ran upon four wheels of 2 feet 6 inches dia- 
meter, the frame being of wood, upon which is mounted 
a sheet-iron tank holding 240 gallons of water, the 
coal space being 15 cwts. "Weight of tender in work- 
ing order 2 J tons. 

" Locomotion " worked upon the Stockton and Dar- 
lington line from 27th September, 1825, to 1841, and 
after its retirement from active service it was placed 
upon a pedestal at the entrance to the North Eoad 
Station, Darlington, and in April, 1892, it was removed 
to Bank Top, Darlington. It is still in good working 
order, and capable of being put in steam. It headed the 
procession on the opening of the Middlesbrough and 
Redcar Railway ; it was taken from its pedestal and 
worked upon the Darlington section of the North Eastern 
Railway, at the Stockton and Darlington Jubilee, Sept- 
ember of 1875 ; it was sent to the Philadelphia Exhibition 
of 1876, to the " Stephenson Centenary " of 1881, the 
Liverpool Exhibition of 1886, and it engaged very con- 
siderable attention at the Paris Exhibition of 1889. 

The following is a copy of the official list of the 
early Stockton and Darlington locomotives, dated 
1836:— 

Ko. Name of Engine. Bate. Designed by Name of Builder. 

1 Locomotion. . . . 1825 Stephenson & Co. Stephenson & Go. 

2 Hope 1826 „ ,, 

8 Black Diamond. „ y, „ 

4 Diligence „ „ „ 

6 Royal George* . 1827 T. Hackworth . . Rebuilt KlwayCo.'s 

Works, Shildon. 

6 Experiment. . . . 1826 Stephenson & Co. Stephenson & Co. 

7 Rocket 1829 „ „ 

I Victory „ T. Hackworth .. . Railway Co. 's 

Works, Shildon. 

• No. 6 waa built by Messrs. Wilson & Co., 1826, and rebuilt by 
the Company's locomotiye foreman, T. Hackworth, October, 1827. 
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No. Name of E&gino. Bate Designed bj Name of Bnilder. 

9 Globo 1880 T. Hackworth . . I^tepheneon & Co. 

10 Planet „ Stephenson & Co. „ 

11 North Star •••• ,. a a 

12 Majestic 1831 T. Hackworth . . Railway Co.*8 

Works, Shildon. 
IZ Coronation ..,« „ f> Hawthorn & Co. 

14 William IV m »» Railway Co.'s 

Works, Shildon. 
16 Northumbrian.. „ n Railway Co. *8 

Works, Shildon 

16 Director 1832 „ Stephenson & Co. 

17 Lord Brougham „ „ Railway Co.'s 

Works, Shildon. 

18 Shildon „ m Railway Co.'s 

Works, Shildon. 

19 Darlington .... „ „ Hawthorn & Co. 

20 Adelaide ,, ,| Stephenson & Co. 

21 Earl Grey „ „ Hawthorn & Co. 

22 Lord Durham. . ,, „ Stephenson & Co. 

23 Wilberforce „ „ Hawthorn & Co. 

24 Magnet ,, „ Railway Co.'s 

Works, Shildon. 

26 Enterprise 1833 Kitching Kitching. 

26 Swift 1836 Hawthorn & Co. . Hawthorn & Co. 

Following the opening of the Stockton and DarKng- 
ton Railway, Stephenson constructed for it three other 
engines of similar design to '' Locomotion ; " and Mr. 
Timothy Hackworth became engine superintendent. 

During the early part of the year 1626, Messrs. 
Wilson & Co., of Newcastle, designed and constructed 
an engine, No. 5, for the Stockton and Darlington 
Railway, and as that firm considered outside coupling- 
rods an objection, they placed their engine upon four 
wheels, and employed four cylinders, two to each pair 
Thus it had two pairs of independent driving-wheels. 

Messrs. Stephenson & Co., early in the year 1826, 
designed and built '' Experiment," No. 6 (Fig. 10), 
for the Stockton and Darlington line ; it had out- 
side inclined cylinders, 9 inches diameter; stroke 
24 inches; wheels 4 feet diameter, boiler 10 feet 
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long by 4 feet diameter. The boiler contained two 
fire-flue tubes, 18 inches diameter. The exhaust steam 
was conveyed from the cylinders to the chimney by 
two blast-pipes, one for each cylinder. 

" Twin Sisters " (Fig. 11) was built by Stephenson & 
Co., in 1827, as a contractor's locomotive at themakii^ 
of the Liverpool and Manchester Bailway, and as it 
was required to work over very severe temporary 




wj, 10.— ** Experiment." Stockton and Darlington Railway, 
** No. 6, 1826. 

gradients it was considered best to construct it with 
twin boilers, in order to insure that water should at all 
times cover the tops of the fire-boxes. 

This engine ran upon six coupled wheels of 4 feet 
diameter, the cylinders being placed outside, in an 
inclined position ; two blast-pipes were employed, one 
for each cylinder. After the completion of the Liver- 
pool and Manchester RaUway, ''Twin Sisters " became 
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Fig. 11.—** Twin Sisters," Ballast 
Engine, 1827. 



known as the ** Liverpool Coke Engine," from the 
fact that it was employed to work trains of coke 
to that city for Mr. Hulton, who contracted to sup- 
ply the railway com- 
pany with locomotive 
fuel. 

The four-cylinder 
engine, No. 6, for the 
Stockton and Darling- 
ton Railway (men- 
tioned on page 22), 
having worked very 
unsatisfactorily, and 
also having been very 
seriously damaged in 
a collision at Stock- 
ton, Timothy Hackworth, in 1827, obtained the autho- 
rity of the directors to remodel and rebuild it. The 
boiler was 13 feet long, and 4 feet diameter, and 

into this Hackworth 
introduced a return flue- 
tube, similar to those 
previously employed by 
Trevithick and by Hed- 
ley. 

The engine thus re- 
built at the Company's 
Shildon "Works was 
named the "Royal 
George," No. 5, and 
commenced work October, 1827. (Fig. 12.) 

The "Royal George" had six coupled wheels of 
4 feet diameter, outside vertical cylinders 11 inches 




Fig. 12.— ** Royal George." 
Rebuilt, 1827. 
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diameter, the stroke being 20 inches. The fire-door 
and chimney were both at the same end, consequently 
two tenders were provided, one at each end of the 
engine ; the exhaust steam was discharged into the 
chimney by one blast-pipe for both cylinders. 

The maximum performance of the " Royal George " 
was drawing' 32 waggons of coal weighing 130 tons 
at five miles an hour on the level and nine miles an 

hour on falling gra- 
dients. Weight of en- 
gine and its two ten- 
ders in working order, 
15 tons. The ''Royal 
George" worked 
regularly upon the 
Stockton and Darling- 
ton line from 1827 to 
1842. 

Stephenson & Co. 
in 1828 constructed a 
four-wheeled coupled 
engine named the 
''Lancashire "Witch," 
for the Bolton and Leigh Railway. (Fig. 13.) 

Cylinders 9 in. diameter. 

Stroke 24 in. 

Diameter of wheels 4 ft. 

Boiler 9 ft. long. 

Boiler 4 ft. diameter. 

The boiler contained two fire-tubes or flues 1 ft. 6 in. diameter. 

Heating surface of flues 66 sq. feet. 

Four-wheeled tender. 

The " Lancashire Witch " was employed first as a 
ballast engine at the construction of the Bolton and 
Leigh ^ine^ and it was found by experiment that this 




Fig. 13.— "Lancashire Witch," Bolton 
and Lidgh Railway, 1828. 
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engine conveyed 58 tons up a'gradient of 1 in 432 at 

T 




a speed of 8^ miles an hour ; it afterwards continued to 
work traflBc for several years. 
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Early in the year 1828 the Delaware and Hudson 
Canal Company, having heard of the success of the 
Stockton and Darlington Railway, sent over Mr. Horatio 
Allen to England with instructions to obtain infor- 
mation and purchase rails and four locomotives. He 
gave an order to Messrs. Foster, Bastrick & Co., 
of Stourbridge, for three, also to Mr. Stephenson for 
one. 

Stephenson's engine was named *' America " ; it was 
built in 1828, and arrived in New York, on board 
the ship " Columbia," about the middle of January, 
1829. It was the first railroad locomotive ever seen 
in America, and is here illustrated. (Fig. 14.) 

The following is the copy of the official description 
of locomotive engine " America," built by R. Stephen- 
son & Co. for the Delaware and Hudson Canal Com- 
pany, to the order of Mr. Horatio Allen, 1828, and 
No. 12 in the books of the makers :— 

Ft. Ins. 

Diameter of boiler .•••.. 4 1 

Length ,, ,, . . • • . 9 6 

Dimensions of fireplace . . • 4ft. Oin. by 3 

Diameter of steam cylinders .... 9 

Length of stroke 2 

Size of chimney 18 

Size of hot- water pump li 

Length of pump stroke 2 

Wheels (wood) diameter 4 

Number of wheels 4 

Angle of cylinders to the horizontal 33° 

Size of tubes 17 

Number of fire tubes 2. Tubes were straight. 

Borne persons have contended that the iron-bar- 
iraming in general use in the United States was an 
American invention, but reference to the illustration, 
Fig 14, proves conclusively that the "bar-frame" 
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was sent from this country. Althougli Stephenson's 
engine was the first to arrive, it was not the first to be 
run. 

Messrs. Foster & Rastrick's engine, the "Stour- 
bridge Lion*' was built 1828, and arrived in New 
York May, 1829, but neither of the engines for 
America could be put to work for some months as the 
railway was not completed. Messrs. Foster & Bastrick's 
engine, the " Stourbridge Lion," was the first locomo- 
tive which ever ran upon rails in America; it was 
tried for the first time on 9th August, 1829, being 
driven by Horatio Allen upon a section of the Delaware 
and Hudson Canal Company's Railroad. The " Stour- 
bridge Lion " was exactly similar to Fig. 16, but with 
a much shorter chimney. It is still preserved, and 
was exhibited at the Chicago Railway Exposition of 
1884. 

Messrs. Foster, Rastrick & Co. in 1829 constructed an 
engine (Fig. 15) for the Shutt End Railway, which 
extends from the Earl of Dudley's Colliery at Kings- 
winford, to the Staffordshire and Worcestershire Canal ; 
this locomotive was named " Agenoria," and opened the 
line on Tuesday, June 2nd, 1829. 

This engine has upright cylinders working half 
beams, thus reducing the stroke of the pistons to the 
cranks. The cylinders are 7^ inches diameter, with a 
stroke of 3 feet. There is a parallel motion to the 
piston-rod, and the feed-pump is worked from one of 
the half beams. The fire-grate is within a large tubular 
boiler, branching into two tubes, with the chimney at 
the end of the boiler, the barrel of the boiler being 10 
feet long and 4 feet diameter. The eccenlrzcs for 
driving the slide-valves are loose upon the axle, f\rith a 
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clutch to drive either way, and there is hand-gear to 
the valves to cause the axle to turn half round to bring 
the required backward or forward clutch into action. 
The exhaust steam is discharged into the chimney^ 




Fig. lo.—" Agenoria,'* Shutt End Railway, 1829. 

which, it may be mentioned, is of unusual height. 
"Agenoria" continued in regular work for fully 30 
years, and is now preserved in the South Kensington 
Museum. 
The Liverpool and Manchester has been truly 
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designated "The Grand British Experimental Rail- 
way." George Stephenson was appointed engineer, 
and the line was publicly opened loth Septemberi 
1830. 

Some time previously to the opening the question of 
locomotive or fixed engines and ropes naturally came 
before the directors, as it was necessary to arrange for 
"power" to work the traffic; they therefore decided to 
employ Messrs. Walker and Bastrick, engineers, to 
make a tour of inspection to examine all the railways 
then at work ; but, notwithstanding the reports, the 
directors did not feel able to come to a decision, when 
one of their number, Mr. Harrison, proposed " that a 
reward be publicly offered for the most likely mode of 
eflfecting their object," and it was resolved to offer a 
prize of £500 for the best engine. 

The trial took place on the Manchester side of 
Bainhill Bridge, upon a level portion of the line, and 
lasted from the 8th to the 14th October, 1829. Three 
engines competed for the prize, namely : 

The " Rocket ** by G. and R. Stephenson. 

The " Novelty " . . . . by Braithwaite & Ericsson. 
The " SanspareU " . . . . by T. Hackworth. 

Each locomotive was required to run ten trips over 
the trial ground, equal to a journey of thirty-five miles, 
at full speed, the average rate to be not less than ten 
miles per hour. At the end of the first ten trips each 
engine was to be got ready again, and to repeat the 
test, the object being to prove that the engine would 
be able to perform a journey from Liverpool to Man- 
chester and back. 

The "Rocket" (Fig. 16) satisfactorily perform^k 
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all the tests required by the judges, and the prize 
was consequently awarded to Messrs. Stephenson. 




Rg. 16.— " Rocket," Liverpool and Manchester Bailwaj, 1829. 
The dimensions of the " Rocket " were as follows : — 

Cylinders, diameter Sin. 

Cy linden, stroke 16J in. 

Driving-wheels, diameter .... 4 ft. 8J in. 

Boiler 6 ft. longf. 

Boiler 3 ft. 4 in. diameter. 

Pressure of steam in the boiler . . 50 lbs. per sq. ioch. 

Fire-box * 2 ft. long inside. 

Fire-box 3 ft. broad inside. 

Fire-biix 3 ft. deep iuside. 

Tubes, number 26. 

Tubes, diameter 3 in. 

Tubes, heating surface 1 17*76 square feet. 

Fire-box, heating surface 20 square feet. 

Total 137-76 square feet. 

Area of fire-grate 6 square feet. 

Weight of engine in working trim 4 tons 6 owts. 
Weight of tender, loaded . . . . 3 tons 4 cwts. 

Total 7 tons 9 cwts. 

The maximum speed attained by the ''Rocket " at the 
RainhiU trials was 29 miles an hour. This engine 
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althougli crude in appearance, possessed all those 
essential features which are necessary to the success of 
a locomotive — namely, the tubular boiler, direct con- 
nection between the piston and the crank-pin on the 
driving-wheel, and blast-pipes in the chimney, there 
being one pipe for each cylinder, as in the engine of 
1815, and the " Locomotion " of 1825. 

So little progress had the locomotive engine made 
in public favour, that even in the year 1829 the 
directors of the Liverpool and Manchester Railway 
were divided in opinion as to fixed engines and ropes, 
horses and locomotives, and had not the locomotive 
engine proved itself a success at Hainhill, the result 
would have been the introduction of other means of 
working that line. It will therefore be seen that 
although George Stephenson was not, and of course 
never claimed to be, the inventor of the locomotive, still 
he it was who in 1829, at Bainhill, settled the question 
and made the locomotive a practical success, and there- 
by led to the introduction of railways throughout the 
world. It is hardly necessary to mention that the 
celebrated " Rocket " is preserved in the South Ken- 
sington Museum, and it may be added that the 
" Rocket " and " Sanspareil " have lately been placed 
upon some of the old original Liverpool and Man- 
chester rails of 1829 which have been presented to 
that institution by the author for the purpose, 
and the full-sized models of these engines at the 
Chicago Exhibition stood upon similar old rails. 

The " Novelty," constructed by Messrs. Braithwaite 
and Ericsson, ran upon four wheels, and had a com- 
bined vertical and horizontal boiler ; and bellows were 
employed to force air through the fire. In this engine, 
motion was communicated from the piston-rod fo ihe 
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wheels by means of a bell-crank. The " Novelty " 
broke down and failed at Rainbill. 




The "Sanspareil" was designed and constructed by 
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Timothy Hackworth, the engine superintendent of the 
Stockton and Darlington line, for the Raiuhill qompeti- 
tion. It ran upon four coupled wheels of 4 feet 6 inches 
diameter. The hoiler was 6 feet long, and 4 feet 2 
inches diameter, containing a return flue-tube, the 
chimney being placed at the same end of the engine 
as the fire-door. The cylinders were 7 inches diameter, 
and the stroke 18 inches, placed vertically one on each 
side of the boiler, immediately above one of the pairs of 
wheels; the exhaust steam from the cylinders was 
discharged into the chimney by a blast-pipe, similar to 
that of Trevithick's 1803. 

When the " Sanspareil " was brought forward for 
trial at Kainhill, the judges found that it did not com- 
ply with the conditions issued, being of greater weight 
than was to be allowed to be placed upon four wheels, 
the engine therefore should have been upon six wheels. 
Strictly speaking, it was considered that Hackworth's 
engine was therefore excluded from competing for the 
prize, but the judges wisely decided to put the engine to 
the same trial as the others. However, it broke down 
and failed to obtain the prize. The " Sanspareil *' 
worked upon the Bolton and Leigh Railway until 1844, 
and is now placed in the South Kensington Museum. 

At the conclusion of the Rainhill trials and the victory 
of the " Rocket," Stephenson received orders to build 
seven other engines, to be ready for the opening of the 
Liverpool and Manchester Railway. They were con- 
structed during the year 1830, and were very similar 
in design to the Rocket ; they were named " Meteor," 
"Comet," "Arrow," "Dart," "Phoenix," "North Star," 
and "Northumbrian ;" they all had outside cylinders 
and the driving wheels in front. 
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The Canterbury and Whitstable Railway was opened 
on the 3rd May, 1830, the first train being worked by 
the Company's only locomotive, which had been built by 
Stephenson & Co., and was named " Invicta.** (Fig. 18.) 

Cylinders 10 ins. diameter. 

Stroke 18 ins. 

£oiler barrel , . . 8 ft. long. 

Boiler 3 ft. 4 ins. diam. 

Pressnre 40 lbs. per square inch. 

Wheels 4 ft. diameter. 

Wheel-base 4 ft. 7 in. 

The boiler contained 25 tabes, 3 ins. diameter. 
The tender ran on four wheels. 

This ancient engine is 
preserved by the South- 
Eastem Railway Com- 
pany at Ashford ; it was 
sent to the Darlington 
Jubilee, 1875, and to the 
George Stephenson Cen- 
tenary, 1881. 

The Liverpool and 
Manchester Railway was 
opened on loth Sep- 
tember, 1830, upon which 
occasion the Company's 
eight engines and trains, 
and about 600 people, ^^8^; \5--'*I^'^c**;"Canterb^^^ 

r r » stable Railway, 1830. Makers' No. '20. 

started in a procession 

from Liverpool in the following order : — 

Name of Engine. Driven by 

** Northnmbrian *' George Stephenson. 

" Phoenix '* Robert Stephenson. 

"North Star'* R. Stephenson, Senr. 

(brother of George). 
^'Rocket*' .. .; Joseph Locke. 




L 



Dart* 



Thomas L. Gooch. 
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Name of Engine. Driven by 

"Comet" William Allcard. 

** Arrow" Frederick Swan wick. 

** Meteor " 4^1*^0117 Harding. 

Therefore the engine which opened the Liverpool and 

Manchester Railway 
was the " Northum- 
brian " (Fig. 19). 

The engine, it will 
be observed, had a 
smoke-box, and the 
cylinders were placed 
outside, nearly horizon- 
tally, the driving- 
wheels, as in the 
'* Rocket ''^ and six 
other engines named. 
The "Northumbrian" had— 




Fig. 19.— *'NortluimbTinn," No. H, 
L. & M. Ry., 1830. 



were placed in front. 

Cylinders 11 ins. diameter. 

Stroke 16 ins.^ 

Driving-wheels 6 ft. dian^eter. 

Total heating surface 411*75 sq. ft. 

Weight in working order 7 tons 6 cwt. 3 qrs. 

Weight on driving wheels 4 tons 1 qr. 

On the opening day, when Mr. Huskisson was 
knocked down and run over at Parkside by the 
"Rocket,*' he was conveyed by the "Northumbrian" 
to Eccles, 15 miles in 25 minutes, or 36 miles an hour. 
On 16th September, 1830, when the regular traffic of 
the line commenced, the ** Northumbrian " conveyed a 
train of 130 passengers from Liverpool to Manchester 
(Liverpool Road Station), a distance of 30 miles, in an 
hour and fifty minutes. 

The following is a copy of the Company's official list 
of engines to the year 1834 : — 
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Towards the close of the year 1829 Stephenson 
completed the design for a new engine for the Liver- 
pool and Manchester Railway, and it was placed upon 
that line on the 4th October, 1830. 

This engine — ^the " Planet *' (Fig. 20) — was a striking 
improvement upon all Stephenson's previous ones. The 
cylinders were placed ** inside " under the smoke-box, 



* ^^j?f//^ ^ 




Fiy. 20, — *' FUnetj*' No, 9, liverjKwl and Mftncliester Biiilwaj, 1830. 

the driving-wheels were at the trailing end, and a 

double-cranked axle was employed, similar to one of 

those previously used for coupling the engine of 1815. 

The bar-frame is here abandoned, and an oak-frame 

employed, plated on both sides with iron : the framing 

and the axle-boxes were outside the wheels. 

Cylinders, 11 ins. diameter; Stroke, 16 Ids. ; Between centres of 
cylinders, 2 ft. 6| ins. Leading wheels, 3 It. diameter. ; Driying 
wheels, 6ft. diameter. 
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Boiler . . . • 6 ft. 6 ins. long. 

Boiler 3 ft. diameter. 

129 tubes If inches. 

Heating surface of tubes . . . . 370*41 square feet. 
n „ firebox .. .. 37*26 „ 

Total 407-66 „ 

Area of fire-grate 6*60 „ 

Weight in working trim . . . . 8 tons owts. qrs. 
On driving wheels 5 „ 2 „ 2 ,, 

This engine had also the usual four-wheeled tender, 
which weighed 4 tons fully loaded. 

On the 23rd November, 1830, the " Planet " worked 
a special train to convey voters from Manchester to 
Liverpool for an election ; the official report states that 
''the time of setting out was delayed, rendering it 
necessary to use extraordinary despatch, in order to 
convey the voters to Liverpool in time " — the journey 
was performed in 60 minutes, including a stop of two 
minutes on the road for water. 

From another official report it is found that between 
16th September and 7th December, 1830, the Com- 
pany's engines conveyed 50,000 passengers, and ran a 
distance of 28,620 miles, or 954 trips between Liver- 
pool and Manchester and back. 

The " Mercury " No. 11 (Fig. 21) was constructed 
by Stephenson & Co., December, 1830 ; it was of the 
" Planet " type, but with the improvement that the 
frame was raised so as to be above the driving-axle. 

Stephenson's "Planet" class of engine, as developed 
in the "Mercury," became the standard pattern of 
English four-wheeled locomotives, and was copied in 
America and other countries shortly afterwards. In 
December, 1833, a small pair of trailing wheels was 
added, and " Mercury " became a six- wheeled locomotiri. 
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During the year 1830 Mr. Edward Bury built an 
outside cylinder engine ** Dreadnought," and Timothy 
Hackworth placed the ** Globe " upon the Stockton and 
Darlington Railway having an inside frame, inside 
cylinders and four coupled wheels. 




Fig. 21. — " Mercury," No. 11, Liverpool and Manchester Railway', 
December, 1830. 



For the first few months after the opening of the 
Liverpool and Manchester Railway, some mixed trains 
of passengers and goods were run daily, drawn by the 
" single " engines of the ** Rocket '* and " Planet " 
classes ; but as the goods traffic gradually increased it 
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became necessary to work goods trains, and Messrs. £.. 
Stephenson & Co., in January, 1831, placed upon the 
Une two goods engines which " had been specially 
constructed and were described as of extraordinary 
power ; *' they were named " Samson,'* No. 13 (Fig. 22), 
and "Goliath'' (No. 15). 

It will be observed, that practically the " Samson " 
and " Goliath " were a four-wheeled coupled develop- 
ment of the " Mercury '* (Fig. 21), having cylinders 14 
inches diameter, 
16 inches stroke, ^ — ^ 

and coupled wheels 
4 feet 6 inches 
diameter. Total 
heating surface 
457-10 square feet; 
weight of engine 
in working order 
10 tons. 

The "Samson," 
on 25th February, 
1831, "accom- 
plished the great 
feat," it is officially 
recorded, of conveying a goods train of 164 tons (exclu- 
sive of weight of engine and tender), from Liverpool 
to Manchester in two hours and a half — the maximum 
apeed being 20 miles an hour, and the consumption 
of coke was reduced to about a third of a pound per 
ton per mile. 

During the time the "Samson" and "Goliath" 
were under construction, another engine of the same 
class was built by Stephenson for the Hudson and 




Fig. 22.— " Samson,** No. 13, Liverpool 
and Manchester Railway, Januaiy, 1831. 
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Mohawk Railway, U.S.A., named " John Bull,*' and it 
was sent to America in 1831. 

The Glasgpw and Gamkirk Railway was opened in 
1831, the first train being drawn by the Company's 
engine named " George Stephenson/' which had been 
constructed at Newcastle, and was driven by Mr. 
Ge6rge Stephenson upon that occasion. 

This engine had cylinders 11 by 16 inches ; coupled 
wheels 4 feet 6 inches diameter ; wheel base 4 feet 9 

inches. Boiler pres- 
sure 50 pounds per 
square inch. 

The directors of the 
Monkland and Eirkin- 
tilloch Railway (near 
Glasgow), at the be- 
ginning of the year 
1831, instructed their 
engineer, Mr. Dodds, 
to make out apian and 
specification of two 
locomotive engines, 
able to drag 60 tons 
gross weight at the 
rate of four or five miles an hour. The engines were 
built by Messrs. Murdoch and Aitken, Hill Street, 
Glasgow, the first being tried on the line on May 10th, 
1831, and the second on September 10th, 1831. An 
official report issued to the shareholders stated that 
the engines were satisfactory. 

On January 4th, 1831, the Baltimore and Ohio Rail- 
road Company offered 4,000 dels, premium for the best 
American locomotive of 31 tons weight, which should 




Kg. 23.— "George Stephenson,** 
Glasgow and Gamkirk Bailway, 
1831. 
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draw 15 tons at 15 miles an hour on a level. The 
boiler was to use as fuel anthracite coal ; it was to have 
four wheels^ coupled together^ 4 feet between centres, 
in order to pass around curves of 400 feet radius. The 
steam pressure was not to exceed 100 lbs. to the square 
inch above the atmosphere. The locomotives were to 
be delivered for trial upon the road, on or before June 
1st, 1831, and the sum of 3,500 dels, waste be paid fof 
the locomotive which should be adjudged to be best. 

Three or four locomotives were entered for competi- 
tion ; the prize was awarded to Messrs. Davis and 
Gartner, of York (Pennsylvania), whose engine was 
named tlie " York." The locomotive had a vertical-flue 
boiler and vertical cylinders, with four coupled wheels, 
30 inches in diameter. It was altered considerably 
after being placed on the road. 

The same firm afterwards built another locomotive, 
named the '^ Atlantic,'' being the first of what was 
known as the *' Grasshopper " pattern, which was used 
for many years on the Baltimore and Ohio Bailroad, 
and some of which engines were in use on that road as 
recently as 1883, and a few continued in service for a 
period of fifty years. 

During the year 1831, the directors of the Leicester 
and Swannington Railway gave an order to Messrs. B. 
Stephenson & Oo. for two locomotives. The first of 
these was named " Comet,*' beirg No. 4 in the list of 
the makers, and No. 1 in that of the railway company. 
It was shipped by sea from Newcastle to Hull, thence by 
canal to Leicester, where it was put upon the rails and 
ran its first trip 5th May, 1832, and after doing some 
preliminary ballasting, it worked the train, upon the 
opening of the line, from West Bridge, Leicester, to 
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Bagworth, driven by George Stephenson himself, as- 
sisted by his son Robert, and the regular driver 
Weatherburn. 

The cylinders were 12 by 16 inches, the coupled 
wheels 5 feet diameter, and the wheel-base 5 feet 3 
inches ; total length of engine frame 16 feet. 

The cylinders were placed low down, the piston- 
rods passing under the leading axle, and the valves 
W€re placed upon the tops of the cylinders. 




Kg. 24.— ** Comet," No. 1, Leicester and Swannington Eailway, 
May, 1832. 



The valve-gear consisted of a single eccentric for 
each valve, loose upon the driving-axle, motion being 
communicated by means of studs or " drivers." These 
"drivers" were fixed to the crank-axle by collars. 
When the eccentrics were half-way between the 
two collars, the axle turned without communicating 
any movement to them, and the engine was out of 
gear. 

By means of a " treadle " upon the foot-plate, the 
enginemun moved the eccentrics lengthways upon the 
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axle, causing them to engage with either the forward 
or backward "stud " at pleasure. 

The starting or reversing of the engine was accom- 
j plished by the engine-driver opening the regulator, 

and placing his foot upon the " treadle " in order to dis- 
engage the eccentrics from the " stud ;'* another handle 
enabled him to lift up the small ends of the eccentric- 
rods, after which he took hold of the two valve levers 
on the foot-plate, and by moving them backwards and 
forwards admitted steam to the cylinders by the hand- 
gear ; when the engine was fairly started, he by 
meaps of the treadle caused the eccentrics to engage 
with the opposite " stud " and it continued to actuate 
the valves ; it therefore follows that the handles of the 
reversing gear upon the foot-plate were constantly 
moving backwards and forwards during the time the 
engine was in motion. 

The rod of the tender brake passed in a tube through 
the water tank, and the handle could only be reached 
by climbing upon the coke. 

The chimney of the " Comet," when constructed, 
was 13 feet in height from the rail level ; but it was 
knocked down in the Glenfield Tunnel on the opening 
day, and was afterwards reduced to 12 feet 6 inches. 

The veigtt of the " Comet " in working order was 
9 tons 9 cwts. 2 qrs., and of the tender fully loaded 
3J tons. In December, 1836, it was sold and sent to 
be a ballast engine at the making of the London and 
Birmingham Railway. 

Full particulars relating to this engine are given in 
the annexed copy (see folding plate) of the Company's 
locomotive list, drawn up by Mr. John Nicholson, the 
engine superintendent, in 1839. 
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The second engine built by Messrs. Stephenson for 
the Leicester and Swannington Railway was the 




"Phoenix/* delivered "in steam*' at Leicester, 28th 
August, 1832. 

The springs of "Phoenix** (Fig. 25) were of the 
Ghrasshopper pattern; but the experiments made by 




Pig. 
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Mr. Cabry, the Company's engine superintendent, 
showed that they possessed no advantages, and that 
pattern of spring was therefore not repeated. 

In December, 1836, the " Phoenix " was sold and 
sent to the Birmingham and Gloucester Eailway Com- 
pany, to be used as a ballast engine at the making of 
that line. 

Towards the close of the year 1831, and during the 
year 1832, several new engines were placed upon the 
Stockton and Darlington Railway numbered from 12 
to 23 (see list, pp. 21, 22). They had boilers with 
either return-flues or return-tubes, and two tenders. 
No. 23 is illustrated (Fig. 26). 

The " Wilberforce," No. 23, was designed by T. 
Hackworth, and constructed by Messrs. R. & W. 
Hawthorn for the Stockton and Darlington Railway, 
1832. The chimney and fire-door were both at one 
end of the engine, the cylinders were placed vertically, 
and the connecting-rods attached to an intermediate 
crank. The cylinders were 14f inches diameter, the 
stroke 16 inches in length, and the wheels 4 feet dia- 
meter. With coal trains the engine burnt about 
681b. of coal per mile. The fire-basket, which did 
duty for a head or tail lamp, is shown at the back of 
ihe water-tender. 

Mr. Edward Bury, of Liverpool, wha afterwards 
became head of the well-known firm of Bury, Curtis, 
and Kennedy, and ultimately the locomotive super- 
intendent of the London and Birmingham Railway^ 
was an engineer who took an important part in the 
early history of the locomotive, and he introduced several 
features which deserve to be placed on record. Mr. 
Bury became a locomotive builder shortly after the 
^ning of the Liv^^rpool and Manchester Railway. 
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He approved of the " bar-framing," of a circular fire* 
box, with the top of the fire-box casing formed in 
a large dome, and arranged the tubes in curved rows 
instead of straight ; he also built up the wheels, the 
spokes being attached by screw bolts to the rim and the 
boss. Mr. Bury was the leading and most powerful 
advocate of the four-wheeled engine. He contended 
that it was less costly than that on six wheels, that it 
could be got into less space, was lighter and safer, as 
in his opinion it adapted itself better to the rails. The 
question of four rersm six wheels engaged constant 
attention between the years 1832 and 1854; the 
competition was extremely severe, but ultimately Mr. 
Bury's "four-wheeled theory** was proved to be 
erroneous. 

His first four-wheeled, inside cylinder engine, was 
commenced in January, 1831. It was named " Liver- 
pool ** (see p. 200) ; after a trial trip in England it went 
to America to the Petersburg Railroad, where, after- 
wards, it was known or renamed " Spitfire.** 

The Liverpool and Manchester Railway Company's 
list (see p. 37) shows that in 1832 Mr. Bury built one 
of his engines, the "Liver,** No. 26, for that line, 
paving cylinders 11 by 16 and 5 feet driving-wheels. 

Messrs. Galloway, Bowman & Glasgow, in 1832, 
constructed an engine for the Liverpool and Man- 
chester Railway (Fig. 27) ; it ran upon four wheels of. 
5 feet diameter, coupled, and as the makers disapproved 
of the usual " cranked-axle,*' they placed the cylinders 
vertically in front of the smoke-box. 

Th6 engine was not successful, and after mnning 
ofE the rails upon several occasions, was rebuilt with 
inside cylinders and a crankod-axle. 
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Fig. 28 illustrates an old locomotive engine, named 
"Ironsides," built for the Philadelphia, Germantown, 
and Norris- 
town Railway 
Company. It 
is of interest, 
being the first 
railroad loco- 
motive con- 
structed by 
Mr. Baldwin, 
the founder of 
the now famous 
"Baldwin 

Locomotive Works," Philadelphia, and it was com- 
pleted and ran a trial trip on November 23rd, 1832. 




-b'ig. 27. — •'Caledonian,** No. 28, Liverpool and 
Manchester Railway, 1832. 




Kg. 28. — ** Ironsides,*' an American Engine, November, 1832. 



It will be seen that the " Ironsides*' was a four-wheeled 
engine modelled essentially on the English practice 

B 
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of that time, and was very similar to the "Planet" 
and " Mercury '* class introduced upon the Liverpool 
and Manchester Eailway by George Stephenson, in 




1830; the cylinders being 9| inches diameter, 18 
inches stroke, and the driving-wheels 4 feet 6 inches 
diameter. 
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In August, 1832, Messrs. R. Stephenson & Co. 
commenced the construction of two locomotives for 
the Leicester and Swannington Railway. These had 
cylmders 14 inches diameter, 18 inches stroke, and 
four coupled wheels of 4 feet 6 inches diameter, the 
wheel-base being 4 feet 9 inches, and the total length 
of the frame 17 feet. The first of these engines was 
named "Samson" (Fig. 29), and commenced work 
at Leicester, on 1st January, 1833 ; the other, 
" Goliath,'' followed 20th March, 1833. 

One of the first events in the history of the ** Sam- 
son " was that it ran into a horse and cart crossing the 
line at Thornton, the cart being loaded with butter 
and eggs for. the Leicester market. The engine- 
driver had but the usual "horn,'* and could not 
attract attention. Mr. Ashlen Bagster, the manager 
of the railway, went the same day to Alton Grange to 
report the circumstance to Mr. George Stephenson, 
who was one of the directors and the largest share- 
holder. After various ideas had been considered, Mr. 
Bagster remarked: "Is it not possible to have a 
whistle fitted on the engine which steam can blow P" 
George Stephenson replied, " A very good thought, go 
and have one made," and such an appliance was at 
once constructed by a local musical instrument maker. 
It was put on in ten days, and tried in the presence 
of the board of directors, who ordered other trumpets 
to be made for the other engines which the company 
possessed. The following illustration (Fig. 30) is a 
copy of the official drawing. 

The accident at Thornton was therefore the origin of 
the steam whistle, and the bell whistle, as we now have 
it, is an improvement upon the trumpet. When new 
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the " Samson ** and " Goliath " had iron fire-boxes 
and copper tubes. These tubes were found to wear 
out very quickly, and the author has read corres- 
pondence addressed by Mr. Cabry to the makers, 
showing that within four months copper tubes were 
bursting and delaying the trains, and during the 

[Copt.] 
"LEIOESTER AND SWANNINGTON RAILWAY. 




Height, 1 ft. 6 in. ; diam. of top, 6 in. 

Engine Superintendent's Office, Leicester. 
{Signed) Henby Cabby. 

Mat/y 1833." 

Fig. 30.— The Steam Trumpet. 

summer of 1833 brass tubes were substituted in these 
engines. 

Daring the year 1833 the portion of the Leicester 
and Swannington Railway extending from the top of 
the Swannington to the top of the Bagworth incline 
was opened by the " Samson " (Fig. 29), driven upon 
the occasion by Mr. Robert Stephenson. 

It was very soon found in practice that the " Samson *' 
and its fellow engine " Goliath," having a long frame 
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and short wheel base, caused considerable oscillation and 
threatened serious damage to the permanent way. It 
was therefore decided by the directors, acting upon the 
advice of one of their number, Mr. George Stephenson, 
to have a small pair of trailing wheels added behind 
the fire-box in the position shown on the diagram. 
The necessary pairs of wheels and axle-boxes were 
sent from Newcastle to Leicester, where they were 
attached by the company's fitters, under the direction 
of Mr. Cabry, engine superintendent. 

Thus the Swannington Company's " Samson " and 
" Goliath," in the early part of the year 1833, became 
the first inside cylinder goods engines upon six wheels. 
The flanges were also taken off the middle or driving- 
wheels. The change from four to six wheeels in- 
creased the wheel base to 9 feet 1 inch, and proved 
so satisfactory that Mr, George Stephenson, after riding 
upon the " Samson," decided never to build another 
four-wheeled engine, and he at once took steps to 
add similar pairs of wheels to the goods engines he had 
constructed for the Liverpool and Manchester Railway. 

The South Carolina Railroad Company ordered an 
engine from Messrs. Stephenson, and it was placed on 
that line in 1833, named "Edgefield" and No. 54 in 
the books and records of the makers. It had cylinders 
10 inches by 16 inches and four coupled wheels of 
4 feet 6 inches diameter, its weight in working order 
being only 6 tons 4 cwts. Some writers have ex- 
pressed surprise that such a small engine should have 
been built after others of larger dimensions. It is 
therefore necessary to record the fact that the rails 
were not suitable to carry an engine of either greater 
weight or longer wheel-base. Another engine built 
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by the same raakers in 1833, for the Hudson and 
Mohawk Railroad Company, was named " Brother 
Jonathan ; '* it was also limited in size and weight. 

Messrs. R. Stephenson & Co., in 1833, constructed 
an engine for the Saratoga and Schenectady Eailroad 
of America ; it had a leading bogie, and a single pair 
of driving-wheels placed behind the fire-box. The 
" bogie " was found to work very satisfactorily upon 
sharp curves, and has always been in use upon Ameri- 
can passenger engines. 

Mr. Roberts — of the firm of Messrs. Sharp, Roberts 
& Co., now 
Sharp, Stewart 
& Co — in the 
year 1833 de- 
signed and 
constructed an 
engine for the 
Liverpool and 
Manchester 
Railway (Fig. 
31). 

The cylin- 
ders were placed vertically over the leading wheels, 
the motion of the cross-heads being communicated 
to the crank-pins upon the driving-wheels by means 
of connecting-rods and bell-cranks. The leading 
wheels had outside, and the driving-wheels inside 
bearings ; the cylinders were 11 inches diameter, the 
stroke 16 inches, and the driving-wheels 6 feet 
diameter. 

This engine had no eccentrics to actuate the valves, 
a short lever on the bell-crank giving the throw by a 




Fig. 



31. — *' Experiment," No. 32, Liverpool 
and Manchester Railway, 1833. 
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long rod to rocking gear on the foot-plate. The valves 
were tubular, without lap or lead. The pistons had not 
the usual elastic packing rings, but were made nearly 
frictionless by exactly fitting the vertical cylinders, and 
having a white metal surface. 
This engine was very unsteady when running, and 




Fig. 32.— ''The Earl of Airlie," No. 1, Dundee andNewtyle 
Railway, 1833. 

after running off the line it was rebuilt with the posi- 
tion of the cylinder and bell-crank altered, and another 
pair of wheels was afterwards added, but it proved a 
complete failure. 

Fig. 32 illustrates an interesting link in locomotive 
history^ showing as it does one of the tirst engines 
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having a "bogie" ever used on a railway in this 
country. 

This engine was built by Messrs. Carmichael & Co., 
of Dundee, and commenced work upon the Dundee and 
Newtyle Railway, September, 1833, and during the 
same month " The Lord Wharncliffe," No 2, was com- 
pleted; followed by "The Trotter," No. 3, in March, 
1834. 

These three engines were in every respect similar, 
and had a single pair of driving-wheels 4 feet 6 inches 
in diameter, placed in front, and a four-wheeled bogie, 




Fig. 33. — ** Hercules," Leicester and SwanniDgton, Dec. 1833. 

the cylinders being vertical, 11 inches in diameter, and 
the stroke 18 inches. Weight of engine, in working 
order, without tender, 9 tons 10 cwts. ; cost of engine, 
without tender, £700. Gauge of railway, 4 feet 6 inches. 

Messrs. R. Stephenson & Co. delivered the " Her- 
cules " to the Leicester and Swannington Railway 
Company, 17th December, 1833, being No. 36 in the 
books of the makers, and No. 5 in those of the Com- 
pany (Fig. 33) ; it had copper fire-box and brass tubes. 

The cyclinders were 14 inches by 18 inches, the 
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working pressure of steam being 55] bs. per square 
inch, which was afterwards increased to 601bs. When 
built, this engine had a flange upon the driving-wheels ; 
this was, however, removed after it had been at work 
about three months. 

Experience having proved that six-wheeled goods 
engines were superior to four-wheeled, Messrs. 




Fig. 34. — " Patentee," No. 33, Liverpool and Manchester Railway, 
January, 1834. 

Stephenson determined to apply the same principle to 
passenger engines, and constructed the "Patentee" 
for the Liverpool and Manchester Railway, upon the 
model of the "Mercury '' (Fig. 21), but with an addi- 
tional small pair of trailing wheels under the foot- 
plate. This engine (Fig. 34) was named " Patentee," 
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on account of its being the first constructed by Stephen- 
son under his patent of 1833, which provided that 
six- wheeled engines should have no flanges upon the 
middle pair of wheels, in order that they could easily 
pass round curves. 

The cylinders were 12 inches by 18 inches, and the 
driving-wheels 5 feet diameter. 

Special attention should be directed to this engine, 
which became a standard pattern, and was very ex- 
tensively copied in this country and all parts of the 
world, and many of the modern passenger engines are 
** developments " of the " Patentee/' 

The large increase in the coal traffic upon the 
Leicester and Swannington Eailway necessitated the 
use of more powerful engines to convey the trains over 
the rising gradients between the top of the Swanning- 
ton incline and the top of the Bagworth incline. To 
overcome the difficulty, Mr. Stephenson decided to 
construct a new engine, having six coupled wheels ; it 
was delivered at Leicester 8th February, 1834 (Fig. 35). 

The "Atlas'* had cylinders 16 inches by 20 inches, and 
weighed 17 tons, in working order, without the tender ; 
it was, therefore, when built, the largest, heaviest, and 
most powerful locomotive running ; its working was 
therefore watched with considerable interest, as shown 
by the reports which had to be sent weekly to the 
directors, and to the makers, for several months, and 
the copies we have seen in the railway company's 
books show that the "Atlas" was "highly satis* 
factory." It was stationed at the Long Lane, now 
Coalville, and worked for fully 25 years, becoming the 
property of the Midland Railway Company when the 
Swannington line was purchased. This engine was 
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afterwards let on hire to colliery owners, and was 
ultimately sold to a contractor, being finally broken up 
after working for more than 40 years. 

It was the first goods engine ever built combining 
the six coupled wheels and inside cylinders — a pattern 
since very generally employed. The boiler was flush- 
topped, clothed with polished oak strips, bound round 
with brass hoops ; a steam-trumpet was provided. The 




Fig. 35. — " Atlas," Leicester and Swannington Railway, Feb. 1834. 

wheels were 4 feet 6 inches diameter, the driving- 
wheels without flanges. A long and most complete series 
of experiments was carried out by Mr. Henry Cabry, the 
company's engine superintendent, to ascertain exactly 
its performance, the result being that several other en- 
gines of similar design were built for other railways. 

The Leicester and Swannington list (see page 45) 
shows that the first six engines for that line were built 
by Stephenson & Co. However, in 1833 some of the 
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directors desired to give a trial to Bury, Tayleur and 
the Haigh Foundry Company, but Mr. Stephenson 
being a director, they appear to have felt anxious to 
know the opinion of their colleague. It was, therefore, 
decided to write a private note on the subject, to which 
George Stephenson wrote the well-known reply ; — 
" Very well ; I have no objection, but put them to this 
fair test ; hang one of Bury's engines on to one of mine, 
back to back ; then let them go at it, and whichever 
walks away with the other, that's the engine." 

The order was given to Mr. Bury in 1833, who 
personally assured the directors that " whatever 
Stephenson's engine could do his could do," and an 
engine named the ** Liverpool " was placed upon the 
line during the year 1834 (Fig. 36). 

The " Liverpool *' (Fig. 36) ran upon four wheels, 
4 feet 6 inches diameter, the cylinders being 12 inches 
diameter, and the stroke 20 inches. Weight of engine 
in working order 10 tons, weight of tender loaded 
4 tons 10 cwt. 

A peculiar feature in this engine was that the two 
eccentrics were placed upon the leading axle, and the 
eccentric rods passed in two spaces or boxes through 
the smoke-box to the valve- levers placed behind the 
buflFer beam ; it therefore followed that the admission 
of steam to the cylinders for working the driving- 
wheels was dependent upon the movement of the 
leading wheels and coupling-rods ; consequently any 
failure of crank-pins or coupling-rods rendered the 
engine useless, and the books of the company recorded 
two or three such failures. 

The engine was reversed by means of four handles, 
two to work the valves by hand, one gab-handle to 
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throw tbe small ends of the eccentric- rods into or out 
of gear, and one to move the two eccentrics. 




A series of practical trials were made with a train 
of waggons upon the Swannington Railway in the 
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presence of the directors, when Mr. Bury was ulti- 
mately obliged to admit that his engine (Fig. 36) was 
not equal to taking the trains conveyed by Stephenson's 
'*Atla8"(Fig. 35). 

In 1834, Messrs. Sharp, Roberts & Co. supplied 
three engines exactly similar to the " Experiment *' 
(see Fig. 31), for the opening of the Dublin and 
Kingstown Railway, named "Hibemia," " Manchester,' ' 
and " Britannia." 

None of these engines were found satisfactory, and 
the firm abandoned the " bell«crank *' design. 

Mr. George Forrester opened the Vauxhall foundry 
at Liverpool in 1834, the first locomotive constructed 
by the firm being the " Swiftsure " (Fig. 37). 

This engine was the first ever constructed combining 
outside horizontal cylinders and six wheels. The 
connecting-rod, it will be observed, worked upon an 
outside crank. The "Swiftsure" also was the first 
locomotive ever built with four eccentrics. 

This valve gear was Forrester's patent, in which 
each of the four eccentrics was furnished with a fork 
or " gab-end," and placed vertically, as shown (Fig. 37.) 

The chief dimensions of the " Swiftsure " were 
cylinders 11 by 18, driving-wheels 5 feet diameter, 
total length of frame 17 feet. 

In consequence of the extreme distance apart of the 
cylinders, 7 feet 1 inch, and the unbalanced driving- 
wheels, this and other similar engines oscillated to a very 
serious and dangerous extent at even moderate speed. 
They were generally known as ** Boxers," and proved 
a practical failure, as they could not be allowed to exert 
their full power or speed, as they either left the line or 
burst the rails. 



FORHBSTER S VALVE GEAR. 



63 



During the year 1834 Messrs. Forrester built three 
four-wheeled engines for the Dublin and Kingstown 




Railway named "Dublin/' " Kingstown," and "Vaux- 
hall ; '* like the " Swiftsure," they were very unsteady. 
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Messrs. R. & W. Hawthorn & Co., of Newcastle, 
designed and constructed in 1835 an engine for the 
Newcastle and Carlisle Railway (Fig. 38). 




The " Comet'* (Fig. 38) conveyed one of the trains 
of passengers at the opening of the first section of 
the Newcastle and Carlisle Railway, March 9, 1835. 
It had four coupled wheels 4 feet diameter, the cylinders 
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were 12 inches diameter, and the stroke 16 inches ; it 
will be seen that they were placed low down under the 
smoke-box, the piston-rod working under the leading 
axle. The valves of the " Comet " were actuated by 
Hawthorn's gear. 

Heating surface of fire-box 35 square feet. 

Heating surface of tubes 237 square feet. 

Total 272 

Pressure of steam 60 lbs. per square inch. The tender 
ran upon four wheels and carried 680 gallons of water. 

The ** Comet " and several other engines of a similar 
design worked with great efficiency for many years 
upon the Newcastle and Carlisle Railway. 

Another powerful locomotive being required for the 
Leicester and Swannington Railway, an order was 
given to Messrs. Tayleur & Co., of the Vulcan 
Foundry, near Warrington. The engine (Fig. 39) 
was delivered " in steam," at the West Bridge Station, 
Leicester, on the 2nd April, 1835. It had cylinders 
16 by 20, and six coupled wheels of 4 feet 6 inches dia- 
meter, and was a very similar type to the ** Atlas " (Fig. 
35). The valve gear was of the loose eccentric type, 
described pages 44 and 45. 

During the early part of the year 1836, Messrs. 
Tayleur & Co. completed the " Star " for the Liver- 
pool and Manchester Railway, being the first of an 
order of ten "short-stroked " passenger engines. The 
cylinders were 14 inches diameter, only 12 inches stroke, 
the driving-wheels being 5 feet diameter. It was found 
in practice that the " short stroke " was not an ad- 
vantage. 
Messrs. R. Stephenson & Co. in 1836 constructed 

F 
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several passenger engines upon a similar design to 
the "Patentee" (Fig. 34), but of larger size, one of 
which is shown in section (Fig. 40). 

It will be observed (Fig. 40) that the steam dome 
was placed upon the fire-box casing, also that the 
engine had four fixed eccentrics, and forked-ends to 
the eccentric- rods ; the two " forward" or two " back- 




Fig. 39.— ** Vulcan," No. 8, Leicester and Swannington Railway, 
1835. 

ward " forks were placed in or out of gear by one 
reversing lever ; the valves were still retained above 
the cylinders. 

The Newcastle and Carlisle Railway Company had 
the greatest objection to heavy engines, and to the con- 
centration of weight ; Messrs. R. Stephenson & Co. 
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therefore built the " Atlas " (Fig. 41) for that line, 
in 1836, having cylinders 14 by 18, and six coupled 
wheels of 4 feet 6 inches diameter, the weight, how- 
ever, in working order being only 11 tons 6 J owts. 

The "Ajax" (Fig. 42) was built by the Haigh 
Foundry Company, Wigan, and placed upon the 
Leicester and Swannington Railway, October, 1837 ; it 
had cylinders 14 by 18, and four coupled wheels 4 
feet 6 inches diameter. The builders decided to em- 
ploy tubes of 21 inches diameter instead of If inches. 




Fig. 41.— "Atlas," Newcastle and Carlisle Railway, 1836. 

which was the usual practice at that date. Length of 
boiler between the tube plates 8 feet 8 inches. The 
valves were actuated by the "Haigh Foundry" gear, 
having four eccentrics and forked- ends to the eccen- 
tric-rods, the weight-bar shaft being placed above the 
eccentric-rod. 

Messrs. Hawthorn constructed the " Swift," No. 26, 
for the Stockton and Darlington Railway ; it was a 
four-wheeled engine with vertical cylinders, the con- 
necting-rods working down to an intermediate shaft, 
coupled at each side to the wheel crank-pins by coup- 
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Hng-rods. No. 27, for the same railway, was named 
the "Arrow,'* built by T. Hackworth in 1837, the 
cylinders were no less than 22 inches diameter, and the 
stroke only 9 inches. Neither of these engines was 
saccessAil, and the designs were abandoned. 

The first portion of the London and Birmingham 
Railway was opened July 20th, 1837, and the com- 




Kg. 42. — "Ajax," No. 9, Leicester and Swannington Railway, 1837. 

pleted line September 17th, 1838. Mr. Edward Bury, 
of Liverpool, on becoming locomotive superintendent 
at Wolverton, unfortunately induced the directors to 
accept his views in favour of four-wheeled engines^ 
The whole of that company's locomotive stock (with 
one exception) therefore had only four wheels. The 
passenger engines had single driving-wheels, 5 feet 6 
inches diameter, and the " goods " had four coupled 
wheels, some 4 feet 6 inches and others 5 feet dia- 
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meter, the goods engines being of very similar con- 
struction to the " Liverpool/' illustrated (Fig. 36). 
Soon after Messrs. Stephenson adopted the engine 




(Fig. 40) as their standard passenger locomotive. 
Messrs. Sharp, Roberts & Co., of the Atlas Works, 
Manchester, adopted the design shown (Fig. 43). 
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During the year 1837 Sharp, Roberts & Co. placed 
several of their standard engines upon the Grand 
Junction Railway, named — 
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"Wizard" 
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22 


«*Cerbeni8" .. ,. 
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"Vizier" 
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« Doctor Dalton" „ 
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"Sirocco" 
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"Eagle'' .. „ 


20 


"Harpy" 




»> 


25 



All these had cylinders 12 J X 18 and driving wheela 

5 feet diameter, their weight when empty being 12 
tons 5 cwts. 

The design illustrated (Fig. 43) continued to be 
Sharp's standard pattern for nearly twenty years, and 
many hundreds of engines were built — their size and 
power of course increasing from 12J inch cylinders to 
17 inches, and the driving wheels from 5 feet to 6 feet 

6 inches ; and several engines of this old design were 
at work till a very few years ago. 

So far it has only been necessary to refer to engines 
running upon the ordinary 4 feet 8^ inch gauge, that 
being the only width employed in this country, with 
the exception of a gauge of 4 feet 6 inches on a few 
Scotch lines. However, Mr. Brunei, when laying out 
the Great Western Railway, unfortunately decided to 
adopt a broad gauge of 7 feet, and Parliament unwisely 
permitted the introduction of various gauges. 

The broad gauge, however, although practically 
unnecessary and financially a failure, did more than 
anything else to improve and develop the locomotive 
engine, by creating the rivalry known as the "battle 
of the gauges," which lasted for fully fifteen years. 
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Pt^. 44.— *' North Star^'' No. U Oretit Wuatc^m Rttilwaj, lis37 



Early in the year 1837 Mr, Brunei, iho engineer of 
tte Great WeBtern Eaihvay, then in course of con- 
struction, held consul tationa with the leading locomo- 
tive builders of the day, and explained to them the 
TTOrk which the engines would be required to perform. 
£ach maker then prepared hie own designs, and 
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submitted the same to the Locomotiye Committee, 
with the result that the following orders were given : — 

To B. Stephenson & Go. • • • • . . 1 engine. 

,, Charles Taylenr & Co 3 engines. 

„ Mather, Dixon & Co. .. •• ..2 ,, 
„ Sharp, Roberts & Co. .. •• ..3 „ 

Further orders were then given — 

To Ta^leur & Co for 3 engines. 

„ Haigh Foundry Company . . . . „ 2 „ 

„ Hatiber, Dixon & Co ,,3 „ 

„ Messrs. Hawthorn (Harrison's patent) ,,2 „ 

,, IL Stephenson & Co ,, 1 engine. 

The directors of the Great Western Railway ap- 
pointed Mr. (afterwards Sir Daniel) Gooch as Loco- 
motive Superintendent; and for years past it has been 
supposed that he designed the first engines. However, 
the official drawings, details, and diagrams sent to the 
Chicago Exhibition in 1893 conclusively prove that the 
first engines designed by Mr. Gooch were not delivered 
on the line till early in 1840. An original tabulated 
statement drawn up in January, 1839, showing the 
names of the Company's engines to the close of the 
year 1838, was also exhibited; and the details are 
given on the folding plate annexed. 

The first engine delivered on the line was the 
"North Star" (Fig. 44), constructed by R. Stephen- 
son & Co., 1837. It was No. 1 in the books of the 
railway company, and No. 150 in those of the makers. 
As stated by Mr. Stephenson and Mr. Brunei in their 
evidence before the Gttuge Commission, this engine was 
constructed for a railroad in America, upon a 6-feet 
gauge. It was not, however, delivered, but was altered 
for the Great Western Railway, upon which line it was 
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placed in December, 1837, and ran its first trip on 
Ist January, 1838; it commenced daily work when the 
first portion of the Great Western Railway was opened 
to Maidenhead, on June 4th, 1838, continued at work 
for thirty-two years, and ran a distance of 429,000 
miles, and is still preserved at Swindon. 

When the orders for the engines were given to the 
makers, Mr. Brunei specially stipulated that a complete 
set of drawings should be furnished to the company, 
with each order, free of charge. The various makers 
also retained duplicate copies for their own information, 
and it is a most important circumstance that official 
drawings of all the engines exist at the present day. 
One complete set of the drawings was exhibited at 
Chicago in 1893, and another set has been photo- 
graphed and traced, and these copies are preserved at 
the South Kensington Museum, and at the City Free 
Library at Liverpool. No company has a more com- 
plete record of its early engines than the Great Wes- 
tern (see also under Chapter IX., page 217). 

The Grand Junction Railway, opened 4th July, 1837, 
formed a very important link, connecting the London 
and Birmingham Railway, at Birmingham, with the 
Liverpool and Manchester Railway at Newton Junction. 
Mr. Locke, the company's engineer, decided that all 
the locomotives should run on six wheels. The pas- 
senger engines were designed and ordered to have 
driving wheels of 5 feet 6 inches diameter, but in view 
of the larger wheels introduced by Messrs. Brunei and 
Gooch, and the taunts of the advocates of the broad 
gauge that the narrow gauge could not have large 
wheels, it was decided that a few of those engines (the 
construction of which had not proceeded too far) should 
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be provided with 6-f set wheels^ one of which is illus- 
trated (Fig. 45). 

This locomotive was constructed by the Haigh 
Foundry Oompany^ and delivered September 20th9 




Fig. 45— Grand Junction Railway, 1838. 

1838y and is interesting, showing as it does a 
good specimen of narrow-gauge engine of that period. 



Diameter of driving wheels .. 


6 feet inch. 


Diameter of carrying wheels 
Diameter of cylinders . . (13}) 


4 „ „ 


1 M lf„ 


Length of stroke .. (18) 


1 „ 6 „ 


Nmnber of tubes, 102 




Diameter of tubes inside 


„ 2 „ 


Heating surface of tubes 


480 square feet. 


Heating surface of fire-box . . 


68 square feet. 


Total .; 


538 square feet. 



The valve gear consisted of the Haigh Foundry pat- 
tern, having four fixed eccentrics. Engines of this class 
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worked with great efficiency 
upon the Grand Junction 
and other railways for many 
years. 

Mr. T. E. Harrison, in 

December, 1836, designed, 

and during 1837-8^ Messrs. 

Hawthorn consjtruCted, two 

locomotives for tl^e Great 

Western Railway. These 

^ engines had the cylinders 

« and motion upon a separate 

> frame and wheels from the 

I fire-box and boiler. 

I One of these named, the 

W "Thunderer," had wheels 

« 6 feet diameter, but geared 

r up, three to one, in order 

^ .-uL^'^ «D to be equal in effect to 

p a wheel 18 feet in dia- 

' meter. 

The other, named " Hur- 
ricane,'* had a pair of driv- 
ing-wheels 10 feet diameter, 
the largest ever made, illus- 
trated (Fig. 46). 

The boiler, fire-box, and 
frame upon which they 
were placed, also the tender, 
were of the same dimen- 
sions in each case. The 
cylinders and stroke were 
also similar. 
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The following are the dimenBions of the " Hurri- 



cane/' 



Diameter of driving wheels • • • • • . 10 feet 

IMameter of cylinders 16 indies 

Length of stroke 20 ]~ 



The boiler contained 135 brass tubes. The fire-boz 
was of copper, and divided by a mid-feather. 

Heating smf ace of tubes •• .. 616 square feet 
Heating surface of fire-box . . •• 108 square feet 

Total •• .• 624 square feet 

Weight of the six- wheeled engine 11 tons, of which 
6 tons rested upon the 10-feet driving wheels. The 
weight of the six- wheeled frame with the boiler and 
fire-box was 12 tons. 

The steam from the boiler to the cylinders was 
conveyed by a jointed pipe and the exhaust steam was 
returned to the chimney by a similar pipe. The 
engine-driver stood upon the engine in front of the 
driving axle, and the fireman behind the fire-box in 
the usual way. Both of these extraordinary engines 
proved failures, one great cause being that there was so 
little weight available for adhesion. 

An examination of Fig, 46 shows that the " Hurri- 
cane*' had a good soimd framing, and there is every 
reason to believe that if the boiler had been placed over 
the driving axle, instead of on an independent frame, 
the engine would have been considerably improved. 

The Arbroath and Forfar Railway, when opened on 
the 3rd January, 1839, had a gauge of 5 feet 6 inches, 
and during the year 1838, Messrs. Stirling & Co., of 
Dundee, designed and constructed three locomotives for 
that line, named "Victoria" (Fig. 47)," Britannia," and 
« Caledonia." 
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Messrs. Stirling, having visited the Liverpool and 
Manchester Railway, and examined the " Swiftsure " 




(Fig. 37), came to the conclusion that an outside frame 
was unnecessary. The Arbroath and Forfar engines 
were therefore the fir^t to combine inside bearings. 
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outside cylinders, and six wheels ; they had cylinders 
12 by 18 ; driving-wheels 5 feet diameter. These 
locomotives worked very satisfactorily for many years, 
and until the line was leased to the Caledonian Com- 
pany and the gauge altered to 4 feei 8| inches. 
The Haigh Foundry Company, Wigan, constructed 
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Fur 48 —"Hector," No. 10, Leicester and Swannington Railway, 
^* * September, 1839. 

the "Hector" (Fig. 48), for the Leicester and Swan- 
nington Railway, and it commenced work upon that 
line, September, 1839. 

«* Hector '* was a six- wheeled coupled goods engine, 
having cylinders 16 inches by 20 inches, and wheels 
4 feet 6 inches diameter. Total heating surface, 688 
square feet. 
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The valve gear was the " Haigh Foundry " pattern, 
having four fixed eccentrics^ and forked ends to the 
eccentric-rods; the boiler was *' clothed " with sheet iron 
plate instead of with polished wood, which was the usual 
practice at that time. The driving-wheels were without 
flanges. This locomotive was constructed to work with 
a steam pressure of 120 lbs. per square inch if necessary, 
but for the first few years it was only worked with 80 to 

90 lbs. The urn-shaped vase upon the boiler contained 
a " lock-up safety valve '* pressed to blow off at 

91 lbs. 

The "Hector/* was regarded as such a powerful 
engine that invitations were issued to the locomotive 
officials of the other companies to witness its perform- 
ance between Coalville and Bagworth, and as a result 
similar engines were ordered for the Manchester and 
Leeds. I^orth Midland, Great Western, and Liverpool 
and Manchester Bailways. 

The first part of the Birmingham and Gloucester 
Railway was opened 24th June, 1840 ; this line was 
intended to form a portion of a great through-route 
between the north and west of England; it was, 
therefore, a very serious mistake on the part of the en- 
gineer. Captain Moorsom, to have designed and con- 
structed the great Lickey incline of 1 in 37 for a dis- 
tance of over two miles, extending from Bromsgrove 
to Blackwell, and it was an equal mistake to suppose 
that English locomotive builders could not construct 
an engine to ascend the incline. However, he ordered 
eight locomotives from Norris & Co,, of Philadelphia, 
the first four to arrive being named "England,** 
" Philadelphia," " Columbia," and " Atlantic.'* These 
engines had a four-wheeled leading bogie, a single 
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pair of driving- wheeiJ placed in front of the fire-box, 
and outside inclined cylinders. 

Diameter of cylinders 10} in?. 

LeDg^ of stroke 18 ins. 

Diameter of driving- wheek ,. 4 ft. 

Weight in working order . . . . . . 9 tons 11 J cwts. 

Their usual performance up the "Lickey" was 33 
tons at 12 to 15 miles per hour, 39 J tons at 10^ miles, 
or a maximum load of 53^ tons at 8^ miles. 

One of these American engines having 11 J cylinders 
was lent for a few weeks for trial upon the Grand 
Junction Bailway, when it was ascertained that it con- 
veyed loads of 100 to 120 tons on an incline of 1 in 
830 at 14 to 22i miles per hour ; or on an incline of 1 
in 177 at 10 to 14 miles per hour. The mean of seven 
journeys from Birmingham to Liverpool, with gross 
loads of about 1 00 tons, showed a consumption of 50 
lbs. of coke per mile, and an evaporation of 4*27 lbs. 
of water per pound of coke. 

The American engines having worked with great 
success upon the Lickey incline for a few weeks, Mr. 
Edward Bury, of Wolverton, wrote to the directors " to 
declare that whatever American engines could do his 
could do," and sent the London and Birmingham 
Company's engine named " Bury *' to prove his asser- 
tion. 

Mr. Bury, himself driving, started from Bromsgrove, 
and humorously called to Mr. Gwynn, who had come 
with the American engines, to join him. "No," he 
replied, "it's no use, you'll soon come back again," 
and back again Mr. Bury and his engine came, having 
stuck before getting half-way up the incline. 

In consequence of the taunts which appeared in an 
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American newspaper, that " the English could make 
inclines^ but had to come to America for engines to 
work them/' Mr. J. E. McOonnell, the locomotive 
saperintendent of the Birmingham and Gloucester 
Railway, obtained the sanction of his directors to con- 
struct a powerftil tank engine at the Bromsgrove works, 
and it commenced duty in 1845. 

This, engine had six coupled wheels of o feet 9 inches 
diameter, cylinders 18 inches diameter, a stroke of 26 
inches, and a total weight of 30 tons loaded. This 
engine worked successMly for a number of years. 

Mr. Robert Stephenson's attention was given, early io 
the year 1842, to the fact that the chimneys and smoke- 
boxes were very quickly destroyed ; he therefore made 
some experiments with North Midland Company's en- 
gines at Derby to ascertain the degree of heat which 
was escaping. First he placed tin in small iron conical 
cups and suspended them in the " smoke box," and it 
was found to disappear quickly ; next, lead was tried in 
the same manner, and was found to melt nearly as 
easily; and, lastly, zinc was tried, which was soon 
driven oflf in vapour, clearly indicating a temperature 
of 773 degs. in the chimney, and showing that a great 
waste was taking place. To overcome this evil, Mr. 
Stephenson decided to lengthen the tubes of locomo* 
tives from 9 ft. to 13 or 14 ft., but he found that to 
obtain a patent for the invention he would have to 
employ an unlimited term, as to fix a length would be 
useless, as a few inches more or less would enable others 
to evade the patent ; he therefore adopted the name 
** long boiler," and placed all the axles under the barrel 
or circular part of the boiler. 

In the first of these ''long-boiler" engines, the 
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driving-wheels were placed between the fore and hind 
carrying-wheels, the cylinders being kept forward to 










'A 




the outside of the smoke-box (Fig. 50). Several 
engines of this design were built for the North Midland 
Railway Company and other lines. 
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Purtlier experiments at Derby in 1843 proved that 
the " long-boiler " was successful in reducing the heat 
in the chimney to very little over 442 degs., as upon 
placing tin in the smoke-box it was found just to melt 
at the corners. 

In 1844 Mr. Robert Stephenson decided to place 
the four carrying-wheels in front and the driving- 
wheels close in front of the fire-box; in 1846 he 
added a pair of trailing wheels behind the fire-box, 
thus conTerting his long-boiler engine into an eight- 
wheeled locomotive. 

In tlie year 1846 it was reported that at least 150 
locomotives, according to this long-boiler pattern, were 
in constant use in this country and on the continental 
railways. 

Valve-gear having loose eccentrics (described p. 45) 
was found to be far from satisfactory, and many other 
gears were tried — for instance, those of Carmichael, 
Hawthorn, Haigh Foundry, Stephenson, Gray, Dodd 
and others — but none of these fulfilled all that was 
necessary. The eccentric-rods in nearly all valve 
gears, previously to 1842^ were provided with " forks *' 
or " gabs,'* which engaged with pins attached to the 
arms of the valve rods. In practice these pins were 
frequently broken off, 

Stephenson's valve-gear, generally known as " fork 
motion," is illustrated in Fig. 51, and shows the form 
of gear used by that firm between the years 1835 and 
1842. 

Mr. William Howe, who was a fitter in the employ 
of R. Stephenson and Co., decided to place a curved 
link between the ends of the forward and backward 
eccentric-rods to take the place of the forks. He 
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Howe's link motion, august, 1842. 
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made a pencil sketcli and wooden model, which were 
shown to Mr. Robert Stephenson, who, seeing its 
merits, ordered it to be fitted 
to all engines constructed at 
his works. At that time 
(August, 1842) two locomo- 
tives were being built for 
the North Midland Railway, 
Nos. 70 and 71. No. 70 was 
already fitted with " fork mo- 
tion," but No, 71 was supplied 
with Howe's link motion (Fig. 
52), and commenced to run on 
September 10, 1842. 

Some correspondents to 
newspapers have expressed the 
opinion that " the introduc- 
tion of the ' link' was not an 
invention, but an improve- 
ment." By whichever name 
it be known, the fact remains 
that Mr. Howe's introduction 
of the link at once removed all 
the difficulties which had for 
years caused trouble with the 
" fork motion," and it did far 
more than this, by producing 
a complete and simple means 
of cutting oflf steam for ex- 
pansive working. 

It has also been contended that ** the merits of the 
gear for ^cutting off' were probably not known at 
first/* Now, as a fact, the reversing lever rack of the 
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first engine ever fitted with link motion had seven 
notches on either side of the centre, and steam could 
be cut ofP at various proportions of the stroke, from 
4^ inches to 17| inches. It is therefore perfectly 
certain that the expansive working of the gear was 
fiilly understood before the first engine left the 
Newcastle works, for had it not been intended to work 
expansively, " the seven notches on either side of the 
centre*' would have been useless. There is also 
conclusive proof that the action of the gear was fully 
understood by Mr. Howe, for he came himself to the 
North Midland Railway with the engine No. 71 in 
order to instruct the engine-driver how to work his 
gear to the best advantage. Howe's link motion was 
at once adopted by nearly all locomotive builders, it 
is in use in all parts of the world, and to this day 
there is no valve gear to equal it. The " link motion " 
is frequently spoken of as Stephenson's, but this is an 
error, as Howe was the inventor, and Mr. R. Stephenson 
himself always spoke of it as Howe's. 

Mr. Alexander Allan (whose death only took place 
in 1891) entered the service of the Grand Junction 
Railway Company, February, 1840, and took charge 
of that company's locomotive establishment at Edge 
Hill, Liverpool, under Mr. Buddicom, the chief 
mechanical engineer. From the copy of the official 
list in the writer's possession, it appears that, at the 
close of the year 1839, the Grand Junction Company 
possessed 59 engines. These all ran upon six wheels, 
bad double frames and inside cylinders, 57 of them had 
** fiingle '* driving-wheels, and two, " Sirius," No. 30, 
and " Gorgon," No. 41, were the only " goods " engines, 
they having the leading and driving-wheels coupled. 
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Names and numbers of the Grand Junction Com- 
pany's engines, 1837 to 1840 : — 



1. Saracen. 

2. HeolA. 

3. Shark. 

4. Hecate. 
6. Falcon. 

6. Stenior. 

7. Scorpion. 

8. Wildfire. 

9. Alecto. 

10. Dragon. 

11. Zamiel. 

12. Centaur. 

13. Prospero. 

14. Witch. 

15. Phalaris. 

16. Lynx. 

17. Caliban. 

18. Cerberus. 

19. Dr. Dalum. 

20. Eagle. 



21. Wizard. 

22. BasUisk. 

23. Vizier. 

24. Sirocco. 
26. Harpy. 

26. ^olu8. 

27. Merlin. 

28. Pronietheos. 

29. Alaric. 

30. 8iriu8. 

31. Pegasus. 

32. Tamerlane. 

33. Erebus. 

34. Phoebus. 

35. Talisman. 

36. Thalaba. 

37. Hawk. 

38. Camilla. 

39. Tartarus. 

40. Jason. 



41. Gorgon. 

42. Sunbeam. 

43. Vampire. 

44. Harlequin. 
46. SybU. 

46. Medea. 

47. Vulture. 

48. Oberoii. 

49. Columbine. 

60. Hornet. 

61. Torch. 

62. Diomede. 

63. Clio. 

64. Medusa. 

65. Lucifer. 

66. Phantom. 

67. Sultan. 

68. Syren. 

69. Vandal. 
60. Tantalus. 



Upon taking charge, Mr. Allan found that three 
engines, namely, ".^olus," 26, "Tartarus," 39, and 
" Sunbeam,*' 42, were in a very bad condition, having 
broken crank- axles and defective framings ; he there- 
fore decided to rebuild them. 

Mr. Allan's experience as manager of Messrs. 
Forrester s works had led him to become an advocate 
Df outside cylinder engines; he therefore converted 
the three above-mentioned engines from inside cylinder 
to outside ; the leading and trailing wheels had out- 
side bearings as previously, but the driving-wheels had 
the outside bearings removed, and the connecting-rod 
placed direct upon a crank-pin upon the boss of the 
wheel. The broken crank-axle was of course in each 
case replaced by a straight axle. 
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The first of these rebuilt engines, " Molus,'' was put 
to work towards the close of the year 1840, " Tartarus '* 
and ** Sunbeam '^ following in 1841. At this period 
the Grand Junction Railway Company decided to build 
locomotiYe works at Crewe, and to construct its own 
engines. The Crewe works were opened early in the 
year 1843, Mr. Allan taking charge thereof as super- 
intendent, Mr. F. Trevithick being the company's 
chief mechanical engineer. 

Mr. Allan designed and constructed the passenger 
engines upon the model of the rebuilt ^'^olus,'' 
and employed driving-wheels of 5 feet 6 inches and 
6 feet diameter, the cylinders placed outside, being 

15 inches and the stroke 20 inches. 

The goods engines (Fig. 63) were of a similar 
design, but the driving and trailing wheels were 5 feet 
diameter and coupled, the cylinders being outside and 

16 X 20. 

These two classes became generally known as the 
" Crewe pattern," and when, on July 16, 1846, the 
Grand Junction, London and Birmingham, and 
Manchester and Birmingham companies amalgamated 
and became the London and North- Western Eailway, 
Mr. Allan continued to build his Crewe pattern for 
the northern division of that railway. He was also 
the inventor of the " Allan straight link motion." 

The goods engines (Fig. 63) were 22 feet 6 inches 
in length over buffers, and their weight in working 
order 19^ tons ; they conveyed the goods and min- 
eral traffic on the northern division of the London 
and North- Western Bailway for many years, and, 
when superseded by Mr. Bamsbottom's six-coupled 
engines, they were converted into tank engines for 



Allan's goods engine, 1843. 
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branch passenger traffic, and some of them are at work 
at the present day. 

During the year 1843 the London and South- 
western Railway adopted outside cylinder engines of 
similar design to those introduced upon the Grand Junc- 
tion Railway at Crewe. The locomotiye superintendent, 
Mr. John V. Gooch, constructed some of these engines 
with driving-wheels of 6 feet 6 inches, and others with 




ilg. 53.— Mr. Allan's Goods Engines, Crewe Works, 1843 to 1857. 

7 feet wheels, the largest then in use on the narrow 
gauge. 

In December, 1845, a series of experiments was 
conducted upon the Great Western Railway, between 
London and Didcot, with an engine named '' Ixion " 
having inside cylinders 15|- inches diameter and 18 
inches stroke; four carrying-wheels; driving-wheels, 
7 feet diameter; grate, 13*4 feet ; surface of fire-box, 97 
feet ; tubes, 2 inches diameter, 131 in number, surface 



92 DEVELOPMENT OF THE LOCOMOTiyB, 

732 feet; total heating surface, 829 feet; weight, 
empty, 22 tons; weight of tender, empty, 8 tons. 
This engine attained a maximum speed of 62 miles 
per hour with an average load of 76^ tons, and an 
average speed of 50 miles on a trip of 53 miles; 
the coke consumed was at the rate of 35*3 lbs. per 
mile, and water evaporated 201*5 feet per hour. 

Mr. T. B. Crampton took out a patent in 1843 for 
an arrangement or position of locomotive wheels, in 
which the small, or carrying-wheels, were placed in 
front and the large driving-wheels at the trailing end, 
behind the fire-box ; the cylinders being outside. It 
was claimed that this design solved the problem 
of obtaining a large driving-wheel with a low centre 
line of boiler. (The idea, however, was not quite 
new, as in 1833 Mr. Baldwin, in America, constructed 
several engines having the driving-wheels behind the 
fire-box.) 

During the year 1846 Messrs. Tulk and Ley con- 
structed two engines at the Lowca works, White- 
haven, from the designs of Mr. Crampton, for the 
Namur and Liege Eailway, and they were named 
"Namur" and "Li^ge." 

These engines ran upon six wheels, and had out- 
side cylinders, 16 X 20, and a pair of 7 feet driving 
wheels placed behind the fire-box. 

In practice the performance of these two engines 
was found to be equal to a load of 80 tons, exclusive 
of engine ^d tender, at 51 miles per hour on a level ; 
and 50 tons at 62 miles per hour on the level. 

Before exportation the " Namur " was tried experi- 
mentally upon the London and North- Western Eail- 
way, and attained a higher speed than any broad- 
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gauge locomotive at that period; this result giving 
the greatest satisfaction to the narrow-gauge advo- 
cates. 

In 1846 Messrs. Stephenson and Howe patented a 
three-cylinder locomotive having two outside and one 
inside cylinder in order " to counteract the alternate 
lifting on the opposite side of the engine." Two of 
these engines were constructed and tried experi- 
mentally ; they worked satisfactorily. As is the case 
with the three-cylinder locomotives in use at the 
present day, these engines had three sets of motion to 
be provided and maintained ; however, when, new they 
ran at a higher speed than the broad-gauge engines. 

At this period the battle of the gauges was at its 
height and the rivalry was most keen ; the Royal 
Commission had been appointed July, 1845, to decide 
between the " broad " and " narrow " gauges. 

During the years 1838 to 1845, Mr. Bury was 
strongly urged by the narrow-gauge advocates to 
build some larger engines for the London and Bir- 
mingham Railway in order to compete with the Great 
Western Railway. This, however, he firmly refused 
to do, and was perfectly content to continue to place 
the small four-wheeled engines on that line, and a list 
now before us shows that even in August, 1845, the 
company had 89 four-wheeled engines and one six- 
wheeled ballast engine. There can be no question 
that the broad gauge gained many friends, in London 
especially, on account of Mr. Bury continuing to run 
small four-wheeled engines to London. The advo- 
cates of the broad gauge, of course, urged the public 
to compare the large six-wheeled engines at Padding- 
ton with the little four-wheelers at Euston. Thus it 
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will be Been that Mr. Bury, although himself opposed 
to the broad gauge, by his policy played into the hands 
of the broad-gauge advocates ; indeed it was remarked 
at the time that Mr. Bury did more harm to the narrow 
gauge cause than any of its enemies. 

The narrow-gauge engines were successfully main- 
taining their position (upon every line but the London 
and Birmingham), and proving that whatever could 
be done upon the 7 feet gauge could be equally well 
done on the 4 feet 8^ inches gauge. It therefore 
became necessary for the Great Western Company to 
make some ** striking improvement '^ in order to show 
what could be obtained upon the broad gauge, and 
Mr. (afterwards Sir Daniel) Gt)och, the company's 
locomotive superintendent, accordingly designed and 
constructed at the Swindon works a new and vei^ 
powerful class of express engine which he regarded as 
the *^ ultimatum '' for the broad gauge. 

The first of this class was named " Qreat Western," 
built April, 1846, having then six wheels. 

The engine (Fig. 64) has eight wheels — namely, 
four leading-wheels arranged in a group (but not in a 
bogie), a single pair of driving-wheels 8 feet diameter, 
having no flanges, and a small trailing pair of wheels. 
The cylinders 18 by 24, 300 tubes, and 1,767 square 
feet of heating surface. The valve gear was the well- 
known fixed link motion introduced by Mr. Gooch. 

This splendid locomotive was highly successful, and 
was found capable of evaporating 300 cubic feet of 
water per hour, and it is a noteworthy fact that 
engines of this class appear to be among the most 
economical ever run, the consumption of coal being as 
low as 2^ lbs. per horse-power per hour. 
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This engine upon several occasions started from 
Paddington and stopped at Didcot, 53^ miles, in forty- 
seven minutes, and obtained a maximum speed of 78 
miles an hour. 

Twenty- nine locomotives were built between 1847 
and 1855 of similar construction to that shown in 
Fig. 54, except that they had not the dome over the 




Fig. 64. — ** Great Western," 1846, showing the engine after it had 
been converted from six to eight wheels, and as it ran until 1870. 



fire-box. (See also the illustration given in Fig. 106, 
p. 208.) 

Through the courtesy of Mr. William Dean, loco- 
motive superintendent of the Great Western Railway, 
the subjoined complete list of the thirty engines is 
given (see next page), showing the miles run before 
they were " rebuilt " or replaced by entirely new 
engines bearing the old names. One of those named 
in the list— the "Lord of the Isles," built 1850— 
was sent to the Exhibition of 1851, as well as to the 
Edinburgh Exhibition of 1890, and to the Chicago 
Exhibition of 1893. 
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BROAD GAUGE ENGINES, "GREAT WESTERN" CLASS. 



Name of Engine. 



BoUdtr. 



Date. 



Bnilt. 



Great Western .. .. G.W.R. April 1846 

Iron Duke „ „ 1847 

Lightning „ ,, ,, 

Great Britain . . . . „ July ,, 

Emperor „ Sept. „ 

Paaha „ Nov. „ 

Sultan tf 9t M 

Oourier ,, June 1848 

Tartar „ July „ 

Dragon .. ,, Aug. „ 

Warlock „ „ ,» 

Wizard ,, Sept. „ 

Rongemont „ Got. „ 

Hirondelle „ Dec. „ 

Tornado ,, March 1849 

Swallow ,» J«ine „ 

Timour ,, Aug. ,, 

Prometheus » ,, March 1850 

Perseus • »» June ,, 

Estafette », Sept. „ 

Rover , „ „ „ 

Amazon . . . . . . . . „ March 1851 

Lord of the Isles (huilt 

1850, commenced work 

July, 1852) „ July 1852 

Alma RothweUNov. 1854 

Balaclava „ Dec. „ 

Inkermann „ March 1855 

Kertoh ,, April „ 

Crimea ., .. .• .. „ May „ 

Eupatoria „ „ ,, 

Sebastopol .. .. ^. „ July ,, 



Condemned 
or rebuilt. 

Dec. 1870 

Oct. 1871 

April 1878 

Oct. 1880 

June 1873 

„ 1876 

Aug. „ 

Nov. 1877 

Aug. 1876 

Dec. 1872 

June 1874 

Nov. 1875 

Ang. 1879 

May 1873 
March 1881 

Aug. 1871 

Nov. „ 

June 1870 

Dec. 1880 

June 1870 

» 1871 

July 1877 



Totel. 
>^ milea^ 
before 
renewaL 

370,687 

607,412 

816,601 

403,644 

690,225 

613,038 

727,300 

746,120 

731,817 

670,757 

639,410 

711,908 

772,401 

605,010 

688,000 

569,232 

569,893 

538,025 

722,458 

504,544 

461,344 

729,840 



July 1881 

June 1872 

Nov. 1871 

Oct. 1877 

Dec. 1872 

Sept. 1878 
Oct. „ 

„ 1880 



789,300 
444,600 
406,425 
650,220 
326,246 
605,701 
618,275 
707,148 



"With the removal of the broad gauge on 23rd May, 
1892, the whole of this type of engine necessarily 
ceased work. 



gray's design, 1846. 



97 



Mr. Bodmer, in 1845, built an engine for the 
Brighton Railway, No. 7, having his system of patent 
double pistons moving in opposite directions, but it 
proved a failure and was rebuilt. 

In 1846, Mr. Gray, Locomotive Superintendent of 
the London and Brighton Railway, designed, and 
Messrs. Hackworth & Co. constructed, engines for that 
line having inside cylinders, an outside frame and 
outside beaiangs for the leading and trailing wheels. 




Fig. 55. — London, Brighton, and South Coast Hallway. No. 63, 
November, 1846. Designed by Mr. Gray and built by 
Hackworth & Co. 



but inside bearings only for the driving axle. These 
engines are an important link in history, and prove 
that Mr. Gray was in advance of Wilson's " Jenny 
Lind'' type. 

During the time that the last (fifth) edition was 
in the press, considerable discussion took place in 
the engineering papers relating to the rival claims of 
Mr. Gray and of Messrs. Wilson and Fenton ; and by 
the courtesy of the editor of The Engineer ^ the 
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illustration of Gray's engine is given, Fig. 55, and it 
is only necessary to compare tliis diagram with Fig. 
108, in order to see at a glance that the London, 
Brighton, and South Coast Company's engines by Mr. 
Gray, Nos. 49 to 60 inclusive, were the forerunners of 
Wilson's engines, Nos. 61 to 70, which afterwards fol- 
lowed and are illustrated, Fig. 108. 

In 1847, Messrs. E. B. Wilson & Co., of Leeds 
built the "Jenny Lind" (Fig. 108), for the London 
and Brighton Railway, having cylinders 15 by 20 and 
wheels 6 feet diameter. Large numbers of these 
engines Were built for the Brighton, Midland and 
other railways. 

At the same date, 1847, Messrs. E. B. Wilson & Co., 
of Leeds, built a trial engine for Mr. Crampton, in 
which he employed four large driving-wheels of 6 feet 
6 inches diameter, placed at a distance of 16 feet 
between centres. By means of outside coupling rods 
motion was communicated from the intermediate shaft 
to the four driving-wheels. This engine weighed 32 
tons, or 8 tons upon each wheel, which proved too much 
for the permanent way of that period. This engine 
was tried by Mr. Crampton upon the Midland Railway, 
and attained a speed of fully 75 miles an hour. It was 
also tried on other lines, but no railway company would 
purchase it on account of its great weight. Another 
engine of similar design was built, but much lighter. 
It ran upon the York, Newcastle, and Berwick line for 
some years. (See page 214.) 

The success of the "Great Western" (Fig. 54) 
at once caused the narrow-gauge lines to require 
larger engines. The London and North-Westem 
Company gave orders to Messrs. Tulk and Ley for an 
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engine, designed by Mr. Crampton ; it was placed on 
the line in 1847, and named the" London*'; this 
engine had cylinders 18 by 20, a single pair of 8 feet 
driving-wheels and 1,629 square feet of heating sur- 
face ; and it was claimed that with a light load she 
attained a speed of fvdly 74 miles an hour. The 
directors of the London and North- Western also gave 
instructions for the construction, at Crewe works, of 
three experimental engines : — 

The " Courier,'* designed by Mr. Crampton, having 
a pair of 7- feet wheels placed behind the fire-box ; 

The " Velocipede," designed by Mr. Alexander AUan, 
the superintendent of the Crewe works, having a pair 
of 7-f eet wheels ; and 

The " Cornwall," by Mr. F. Trevithick, the chief 
mechanical superintendent of the northern division ; 
and they were all completed in 1847. 

The " Courier " was a very similar engine to the 
" Namur " and others of Mr. Crampton's design. . 

Mr. Allan, of Crewe, held the opinion that the 
"battle of the gauges" was an absurdity, and that it 
was not wise to build engines simply to see what could 
be done ; he therefore built the " Velocipede '* 
(Fig. 66). 

This engine had cylinders 15 by 20 and 7 feet 
wheels, and this class of engine proved highly suc- 
cessful in daily working on the northern division of 
the London and North- Western. 

On the other hand Mr. F. Trevithick considered it 
a matter of the most vital importance that the 
"narrow gauge" should eclipse the performance of 
the broad gauge; he therefore decided to have a 
driving-wheel six inches larger than the "Givat 
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Western " (Fig. 54). In order to obtain a large 
driving-wheel and a low centre of gravity, he adopted 
the peculiar plan of placing the boiler under the driving 
axle. The driving-wheel of the '* Cornwall " he 
designed of 8 feet 6 inches diameter, that being the 
largest size which had then, or has since, been tried 
upon the ordinary 4 feet 8^ inches gauge, the cylinders 
being 17| inches diameter, and 24 inches stroke. The 




Fig. 56.— "Velocipede." (Northem Division), No. 187, 
Crewe Works, Oct., 1847. 

engine (Fig. 67) appears to have fully answered the 
expectation of her designer, for upon her trial trip a 
speed of fully 79 miles an hour was attained under 
favourable circumstances, thus beating the "Great 
Western '* by one mile per hour. 

This locomotive engaged very considerable attention 
at the Exhibition of 1861, but no engineer favoured 
the position of the boiler, and about 1862 — 1863, Mr. 
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iiilt November, 1847, and asrmming till 1862. 
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Jolm Eamsbottom constructed a new boiler and placed 
it above the axle. 

Fig. 58 illustrates tliis fine engine as thus altered, 
and as it is running to-day. 

The " Cornwall " is still working the " 45 minute '* 
expresses between Manchester and Liverpool, and carries 
us back to the year 1847, or for a period of nearly 
56 years. It has now the largest wheel in the world, 
and it is stated that with a load equal to her power she 




Fig. 58.—** Cornwall," London and North- Western Railway, 1863 to 1903 
(Now, No. 3020.) 

is capable of running at the highest possible speed yet 
attained. 

The " Cornwall '* appears capable of several years' 
more work, and, ultimately, when it rests from its 
labours it is understood that it is to be preserved as a 
relic of early locomotive construction. 

Another large narrow-gauge engine intended to 
surpass the " Great Western " (Fig. 54) was designed 
by Mr. T. B. Crampton, and bidlt by Messrs. Bury, 
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Curtis and Kennedy, of Liverpool, for the London and 
North-Western Railway, 1848, and named the "Liver- 
pool " (Fig. 69), an engine generally considered as 
the " ultimatum for the narrow gauge/* 

The " Liverpool " had cylinders 18 inches diameter, 
24 inches stroke; 292 tubes of 2^ inches external 
diameter and 8 of If inch, 12 feet 6 inches long ; surface 
of fire-box 154*434 feet; of grate 21^ feet; of tubes 
2136117 feet; total heating surface 2,290 feet; two 
driving-wheels 8 feet diameter; 6 carrying-wheels 4 feet 




Pig. 69. — *' Liverpool," London and North-Western Railway, 1848. 
(Sonthem Division, No. 245.) 

diameter ; length between centres of extreme wheels 
18 feet 6 inches; total length of engine 27 feet; 
weight of engine, charged, 35 tons, or 12 tons on the 
driving-wheels, 17 tons on the four leading wheels, and 
6 tons on the two intermediate wheels ; weight of tender 
21 tons ; total weight 56 tons. This engine conveyed 
the express trains between London and Wolverton for 
some time, and in one case took 40 carriages within 
time, thus exceeding the combined duty of three 
ordinary engines ; and when tested for ** speed " with 
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a light load, the late Mr. Crampton informed the writer 
that it attained fully 79 miles an hour. 

The permanent- way at that time was not strong 
enough to carry such a large engine, its weight and 
long rigid wheel-base therefore caused it to gradually 
retire from active service. 

Had the rail- joints been "fished/* and the four front 
wheels placed in a bogie frame, this would have been 
one of the most successful engines. 

Messrs. Sharp Brothers, 1848-9, built ten passenger 
engines for the Midland Eailway, Nos. 60 to 69. The 
first six of these had cylinders 16 X 20, and driving- 
wheels 5 feet 6 inches diameter for the ordinary gauge. 
The Midland Company, having purchased the Bristol 
and Gloucester Company's line, required some broad- 
gauge engines to work thereon. Four of the engines 
by Sharp were therefore built " convertible " ; they 
were, in fact, narrow-gauge locomotives having very 
long axles, and the wheels were placed quite outside 
the axle-boxes. The cylinders were 16 X 20, driving- 
wheels 6 feet 6 inches. Some years later, when the 
Midland Company removed the broad gauge between 
Bristol and Gloucester, the axles were shortened and 
the wheels placed between the double frames in the 
ordinary way. 

Shortly after the construction of the " Liverpool '* 
Mr. T. R. Crampton, in 1849, designed a locomotive 
having inside cylinders but the driving-wheels fixed to 
a straight axle. He employed a double-cranked shaft, 
having also outside cranks and coupling-rod to com- 
municate motion to the driving-wheels, which were 
placed behind the fire-box. Eight of these engines 
were ordered from Messrs. R. Stephenson and Co., and 
placed upon the South-Eastern Railway, and one of 
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these, the "Folkestone/' was sent to the Exhibition 
of 1851. Engines of this olass took 44 tons at an 
average speed of 65^ miles an hour, and attained 73^ 
mi}es per hour upon a falling gradient of 1 in 264 ; they 
were, however, not satisfactory, and were rebuilt with 
driving-wheels upon the driving-shaft. 

Mr. Boss Winans, in 1849, constructed a celebrated 
engine at his Locomotive Works, Baltimore, for tbe 
Baltimore and Ohio Railroad. It had a four-wheeled 
leading bogie, a single pair of driving wheels 7 feet 
diameter, and a trailing bogie; the cyclinders were 
placed outside. This engine was named the " Charles 
Carroll of Carrollton." It worked satisfactorily and 
ran at very high speed, but it proved too heavy for the 
very light track over which it bad to run. 

The past few pages have shown that during the 
" battle of the gauges ** several remarkable engines were 
constructed simply to attain excessive speed, and to 
show what could be done on this or that gauge ; some 
of these which worked well experimentally were practi- 
cally unsuitable for the ordinary traffic. 

The folly of this policy having at last made itself 
apparent, ** the battle of the gauges " ended, and the 
various locomotive builders settled down to the con- 
struction of good useful engines, capable of working 
the ordinary trains of that period. Each builder or 
designer adopted a standard pattern of passenger 
engine, and although they were very similar in general 
design the special features of each were most marked ; 
and even at the present day, no matter how much one 
of these old engines has been rebuilt, the original 
maker can be clearly detei*mined by an examination of 
those parts which were made a speciality. 

Mr. J. E. McConnell. in 1844 — 5, designed and con*' 
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structed at Bromsgrove some engines for the Birming- 
ham and Gloucester Railway Company, in which he 
employed inside frames and inside bearings only. 
These small engines proved so satisfactory » that when 
he became locomotive superintendent of the southern 
division of the London and North-Western Railway, 
he retained the same design and built a large number of 
engines at Wolverton of the well-known ** Bloomer" 
type. Some of these had cylinders 16 X 22 and 




Tig, 60.—" Bloomer," Class 1850, L. & N.W.R., Southem Division. 

6 feet 6 inches wheels — others similar to Fig. 60 had 
7-feet wheels. 

In November, 1862, Messrs. Fairbaim & Sons 
constructed a still larger engine from Mr. McConneirs 
design, for the southem division of the London and 
North- Western Railway, No. 300, having cylinders 
18 X 24, and driving wheels 7 feet 6 inches, the 
boiler being provided with his system of combustion 
chamber. This engine had double frames, and all the 
axles had outside axle-boxes, and weighed 31 tons. 
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Mr. McConnell also employed his patent design of 
boiler for the Wolverton goods^ engines, and placed 
all the six-ooupled wheels under the barrel of the 
boiler. 

It will have been observed that locomotive engineers 
for years had tried their utmost to obtain a large 
driving-wheel and a low centre of gravity. Mr. 
McConnell, however, disagreed most strongly with the 
*'low boiler '^ theory^ and maiptained that a high 
boiler was no objection, and that engines having the 
highest boilers could run with the greatest steadiuess. 
At that time his opinion was simply laughed at, now 
we see that he was correct, and only had the mis- 
fortune to be about thirty years in advance of his time. 

During the year 1853, the London and North- 
Western Company employed Messrs. Woods and 
Marshall to test the efficiency of the Crewe and 
Wolverton engines (see Figs. 55 and 60), the result 
being that both were continued. It was strange that 
one company should continue to employ two locomotive 
superintendents and construct such different patterns 
of engines. 

During the early part of the year 1852, Messrs. 
B. Stephenson and Co. constructed six express engines 
for the Midland Railway, having double frames, inside 
cylinders 16 by 22, and driving-wheels 6 feet 6 inches ; 
they were numbered 130 to 136 inclusive. One of 
these remained in use till 1892, and in 1853 Messrs. 
Sharp, Stewart & Co. built ten express engines for the 
same line having cylinders 16 x 22, and a single pair 
of 6 feet 6 inch driving-wheels, Nos. 120 to 129. 

Mr. Archibald Sturrock, locomotive superintendent 
of the Great Northern Railway, in 1853 designed, and 
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Messrs. R. & W. Hawthorn built, a large express 
engine for that line, No. 215. This engine ran upon 
eight wheels, four in a group, but not in a bogie, a 
single pair of driving-wheels 7 feet 6 inches diameter, 
and a pair of trailing wheels. The cylinders were 
inside, 17 X 24, and the engine had double frames. 
This engine appears to have been broken up about 
1870, for at that date a new engine, No. 92, was built, 
haying the old 7 feet 6 inch wheels, cylinders, and 
some other parts from old 216. No. 92 is still at work, 

Mr. Pearson, the locomotive superintendent of the 
Bristol and Exeter Railway, and a very strong 
advocate of the broad gauge, " could not rest to think 
the narrow-gauge "Cornwall" (Fig. 66) had the largest 
whe^l and attained the greatest speed." He therefore 
designed, and Messrs. Roth well and Co., of the Union 
Foundry, Bolton, constructed, a class of broad-gauge 
tftnk engine in 1863 which ran upon 10 wheels, 
namely, a leading bogie, a single pair of driving- 
wheels 9 feet diameter, and a trailing bogie; the 
cylinders were 16| X 24, the driving-wheels were 
without flanges. The driving-axle was placed above 
the framing. The boiler contained 180 tubes of 1^ 
ii^ch diameter ; the total weight of the engine in work- 
ing order was 42 tons. The author remembers that 
at a speed of about 60 miles an hour the engine was 
remarkable for its very easy riding. American engi- 
neers have always maintained that these double bogie 
engines were a larger repetition of the Winans " Car- 
roU " of 1849. 

Mr. Pearson many years ago informed the writer 
that his engines had been officially tested at 81 
miles an hour, and that the average consumption of 
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coke over a distance of 100,000 miles was only 21 f lbs. 
per mile. 

In the year 1876 one of this class of engine ran off 
the line at Long Ashton, after which the driving- 
wheels were all reduced to eight feet and tenders were 
added. A few of these celebrated engines as altered 
were running until May, 1892. 

In 1855 Mr. Gooch placed a new class of engine 
upon the Great Western Railway which had been 
constructed from his designs by Messrs. B. Stephenson ; 
they were named " Lalla Rookh/' " Ivanhoe/' " Robin 
Hood/* "Rob Roy/' "Waverley/* " Coeur de Lion/' 
« Pirate/' "Abbot/' "Red Gauntlet/' and "Anti- 
quary." 

These engines had inside frames only — four leading 
wheels in a group and two pairs of 7 feet coupled 
wheels. These were the largest driving-wheels ever 
coupled at that time. Only ten of these engines were 
built, and after running an average distance of about 
500,000 miles each, it was not considered expedient to 
rebuild them. 

Between the years 1853 and 1860 very much atten- 
tion was given to the subject of burning coal instead 
of coke in locomotives. Messrs. Beattie, McConnell, 
Cud worth, and others, constructed most complicated 
fire-boxes and boilers having mid-feathers, combustion- 
chambers, or special forms of " grate." 

All these proved perfectly unnecessary, for it was 
found by experiment on the Midland Railway that a 
brick-arch placed in the ordinary fire-box below the 
tubes ; a deflector or baffle-plate within the door ; a 
fire-door by which the supply of cold air can be pro- 
perly regulated, and a steam-jet or blower in tb^ 
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cUmney, were all that were required to effectually 
consume the smoke in a locomotive. 

At tliis period of locomotive history reference must 
be made to the works of a well-known engineer, who 
in times past took, and who still takes, an important 
part in the work. The Manchester and Birmingham 
Railway (or, more correctly, the line from Manchester 
to Orewe) had its locomotive department at Longsight, 
near Manchester, and as far back as May, 1842, Mr. 
John Ramsbottom was appointed as locomotive superin- 
tendent of that company. Upon the amalgamation, 
in 1846, he continued to hold the same position under 
the name of district superintendent of the north- 
eastern division of the London and l^orth-Westem 
Railway ; and on August 1, 1857, we find him taking 
charge, as locomotive superintendent, of the northern 
division of the North- Western Railway, at Crewe 
works, in succession to Mr. Trevithick. 

In the autumn of 1858, Mr« Ramsbottom turned out 
at the Crewe works a number of his new goods engines, 
having inside frames and inside bearings only, inside 
cylinders 17 inches by 24 inches, and six coupled 
wheels of 6 feet diameter ; and in the following year, 
November, 1859, he placed his first express engine 
(Fig. 61) upon the northern division ; it was named 
" Problem,*' and is still at work. 

The "Problem** type, of which sixty were built 
between the years 1859 and 1865, all of which are still 
running, had cylinders 16 inches by 24 inches. 

Diameter of driving- wheels (new) 7 ft. 7^ ins. 

Weight of engine in working order. . • • • . 27 tons. 
Weightof tender in working order.. •• •• 17itons. 

Total iiiUm. 
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** Problem " was also the first engine in this country 
fitted with Giflfard's injector for feeding the boiler.* An 
engine of this class, named '^ The Lady of the Lake," 
was sent, when quite new, to the Exhibition of 1862, 
and was awarded the bronze medal, which it still 
carries. Mr. Ramsbottom also received a medal for 
his system of troughs between the rails, by which 
engines could, and do, pick up water when running. 




Fig. 61. — " Problem,** London and North-Western Hallway, Northern 
Division, November, 1869. 

This latter appliance proved of considerable value on 
January 5th, 186J, when an exceptionally fine and 
important run was made from Holyhead to Euston, the 
occasion being when answers were brought to the 
despatches sent by the English Government to 
Washington, requiring the immediate surrender of 
Messrs. Mason and Slidell, who had been taken ofi* an 
English ship, the Trent. An engine of the " Problem ** 
* For partlculais as to tke injector, see p. 192. 
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type (Fig. 61), by means of the water-troagh, ran 
fcom Holyhead to Stafford, 130-^ miles, without 
stopping, and 'Occupied only 145 minutes, and another 
engine went forward to London ; the whole distance, 
264 miles, being performed in five hours, with only one 
stop; and on certain favourable parts of the line several 
miles were run at a rate of "just under, if not quite, 
80 miles an hour.*' 

It is also a fact worthy of note that in the great 
railway race of 1888, when it was required to run 
through without stopping, at the highest speed, from 
London to Orewe, the old engines of the " Problem " 
type, namely, ** Waverley *' and " Marmion," ran the 
racing trains. All the sixty engines of the class are 
now from 27 to 33 years old, but with a light load in 
proportion to their power they are at the present day 
capable of running as fast as any locomotive now 
at work on any railway in this country. 

Mr. McConnell, at Wolverton, in 1861, constructed 
three very large engines of the " Bloomer " type, named 
"Delamere," "Caithness," and "Maberley," one of 
which. No. 373, engaged much attention at the 
Exhibition of 1862 ; their chief dimensions being, 

Diameter of cylinders 18 ins. 

Leng^th of stzoke 24 ins. 

Diameter of drivinff- wheels (new) . . . . 7 ft. 7 J ins. 

Heating surface of fire-box 242*6 eq. ft. 

Heating surface of tubes . . . « . • . . 980*3 sq. ft 

Total 1222*8 sq.ft. 

The fire-box was constructed to bum coal, and had a 
combustion chamber. 

Working pressure of steam .. .. 160 lb. per sa. id. 
Height of centre line of boiler above the rails 7 ft. 6} int. 
Weight upon driving- wheels .. .. •• 14 1 — 
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Tods. owts. 
Total weight of engine in working order . • . . 34 14 
Weight of tender loaded 25 

Total 69 14 

From these details it will be seen that these three 
engines were very fine specimens^ and that Mr. 
McGonnell successfully solved the problem of large 
wheels, large inside cylinders, high steam pressure, 
and high boiler. He proved that a high boiler was 
no objection, and that engines having the highest boilers 
can run with the greatest steadiness ; he also proved, 
in 1861, that with a light load these engines could under 
very favourable circumstances run *' within a fraction oj 
80 miles an hour** Towards the close of the year 1861 
Mr. McGonnell resigned, and Wolverton was closed as 
a locomotive building establishment, Mr. Ramsbottom, 
of Grewe, in the early part of the year 1862, being 
appointed locomotive superintendent of the whole line. 
Messrs. Neilson & Go. constructed an express loco- 
motive (Fig. 62) to send to the Exhibition of 1862 ; 
it was in every respect similar to those previously con- 
structed by the Galedonian Eailway Gompany ; it had 
double frames, outside cylinders, and a single pair of 
8ft.-2in. wheels, and was, in fact, a larger edition of the 
Grand Junction Gompany's locomotives, as constructed 
at Grewe works in 1843 by Mr. Allan. 

Diameter of cylinders 17^ ins. 

Length of stroke 24 ins. 

Diameter of driving-wheels . . . • . . 8 ft. 2 ins. 

Total heating Biirface 1,172 sq.ft. 

Weight on ckiving-wheels 14 tons 11 cwt. 

This locomotive was purchased by the late Pacha 
of Egypt, who required an engine " to take him at an 
average speed of 70 miles an hour." This engine, by 
Neilson, also those built by Mr. Benjamin Gonnor, were 
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officially tested at 80 miles an hour, and some still 
remain in use on the Caledonian at the present time. 
They are good engines^ but the existing loads and the 
Beattock incline have necessitated their removal from 
main line expresses. 

Messrs. Stephenson & Co., in 1862, constructed a 
large passenger engine named "Saltbum" for the 
Stockton and Darlington Kailway, having a leading 
bogie, four coupled wheels of 7 ft. diameter, the 




Fig. 62.— Express Engine, built bj Neilson, 1862. 

cylinders placed outside being 17 x 24 ; in this engine 
a small auxiliary tank was placed under the foot plate 
for heating the feed water by means of steam from 
the boiler. 

About the year 1863 Mr. Sturrock introduced 
" steam tenders " upon the Great Northern Railway 
for the goods engines. These tenders had outside 
frames, six coupled wheels, and inside cylinders, steam 
being supplied from the engine boiler. The tender 
thus converted by Mr. Sturrock became practically a 
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second engine, haying a water-tank in the place of a 
boiler. The cylinders were 12 inches diameter and 17 
inches stroke, the cranked-axle being the middle one. 
The exhaust steam from the cylinders was discharged 
into a tabular condenser and heated the water in the 
tender tank. The weight of the tender empty was 
18 tons, and loaded, 28 tons. 

The steam tenders undoubtedly conveyed very heavy 
trains of coal, as the author saw when riding on one 
between Hitchin and London ; and the Great Northern 
Company had about fifty in use, but they did not do 
the extra amount of work to pay for their cost, and 
practically they proved a great failure. Many of the 
tenders without the steam apparatus are still in use. 

Mr. Matthew Kirtley, locomotive superintendent of 
the Midland Kailway, in the early part of the year 
1861 built several powerful tank engines to assist 
trains up the Lickey incline ; these had double frames, 
six coupled wheels of 4 ft. diameter, and cylinders 
16J X 24. They are still at work but renumbered. 

Mr. Kirtley idso, early in 1862, designed and con- 
structed at Derby six powerful express engines to 
convey the anticipated heavy traffic to the exhibition of 
that year. These engines ran upon six wheels, the 
driving and trailing wheels being 6 feet 2 inches 
diameter, and coupled, the cylinders were 16J inches 
diameter, 24-inch stroke, and the steam pressure 
140 lbs. per square inch ; they were numbered 80 to 85 
inclusive. On one occasion the writer rode frotn 
Leicester to King's Cross, London, upon one of these 
engines, when it drew 10 coaches, and on the return 
journey, with a much lighter load, a speed of 72 
miles an hour was attained upon a falling gradient. 
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Previously to this date four-wheeled coupled engines 




had been considered uqsuit^ble for passenger traffic and 
high speed, 
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In 1864, Mr. Matthew Kirtley, the Midland Com- 
pany's locomotive superintendent, decided to construct 
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at the Derby Works 20 express engines, generally 
known as the " 30 class/* having cylinders 16J X 22, 



kirtley's designs. 



117 



and driving-wlieels 6 feet 8 inches diameter (see Fig. 
63). 

These engines have been remarkable for the heavy 
work which they have performed, and for economy both 
in fuel and repairs. 

With a load suitable to their power, they are still 
capable of running at the highest speeds, but of course 
they are not now sufficiently powerful for main line 
expresses. 

From the formation of the Midland Kailway Com- 
pany in 1844 to the close of the year 1862, Mr. Kirt- 




Kg. 65.— Tank Engine, No. 780, Midland Railway Company, 1870. 



ley constructed the goods engines with cylinders 16 
by 24, and 5 feet 2 inch wheels. From 1863 to 1869 
he employed 16J inch cylinders, aud from 1869 to 
1875, 17 inch cylinders (see Fig. 64). 

For working the Midland Company's trains over the 
Metropolitan Railway, Mr. Kirtley designed, and 
Messrs. Diibs & Co. in 1870 constructed, twenty tank 
engines (Fig. 65) having cylinders 17 X 24, four coupled 
wheels 5 feet 2 inches diameter. 

Mr. Eirtley also designed a powerful class of express 
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engine for the Midland Railway, of wluch forty-eight 
were built in 1870, thirly by Messrs. Neilson & Co., 
and eighteen at Derby, having cylinders 17 X 24, and 
four coupled wheels of 6 feet 8 inches diameter ; the 
tractive force which could be exerted for each pound of 
effective steam pressure per square inch upon the pis- 
tons being 86*7 lbs., or thus — 

lI^4P<A* = 86-71b.. 

The distance between the centres of the two cylinders 
is 2 feet 6 inches ; this has always been a very great 
advantage to these engines, on account of the extra 
width available for steam and exhaust passages. 

The boiler and fire-box were of the standard pattern, 
previously used by Mr. Kirtley for his goods engines 
(Fig. 64). The boiler contained 168 brass tubes of 
2 in. diameter outside, and was fed by one injector and 
one pump. 

■q. ft. 

Heating surface of tubes 993 

Heating surface of fire-box 103 

Total 1096 

Two safety vahes were placed upon the dome, pressed 
to blow ofE at 140 pounds per square inch. 

A Koscoe lubricator was also provided. 

Surface or area of fire-grate, 17 square feet ; wheels 
base of engine, 16 feet 6 inches. 

Weight in working order — 

tonB cwt. qn. 

Of engine 35 18 2 

Oftender 24 16 2 

Total 60 14 
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These engines have been remarkable for their excel- 




lent working, and since their cylinders have been en- 
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larged to 18 inches diameter, their efficiency has been 
still further increased. 

The tender (Fig. 67) ran upon six wheels, and carried 
2,000 gallons of water, and, if necessary, 4 tons of coal, 
and was provided with a hand brake applying a wooden 
block to each wheel. 

In 1871, Mr. Kirtley introduced another type of ex- 
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Kg. 67.- Midland Tender, 1870. 



press engine on the Midland Bailway, having inside 
bearings only for coupled wheels. 

No. 890, the first of this class, had cylinders 17 X 24 
and coupled wheels 6 feet 8 inches diameter. A very 
large number of engines of this type of framing have 
since been built and are all at work. 

It will be observed that these engines had double 
frames, but the coupled wheels had inside bearings 
only ; the chief dimensions being as follows : — 

ft. in. 

Diameter of cylinders 17 

Lengtii of stroke 24 



MIDLAND "890*' CLASS. 

ft. in. 

Diameter of coupled wheels 6 8 

Number of tubes 232 

Diameter of tubes 1^ 

Boiler pressure 140 lbs. per square inch. 

sq.ft. 

Heating surface of fire-box 92 

Heating surface of tubes 1,020 

Total 1,112 

Number of square inches of j Leading . . . . 104' 
bearing surface on each > Driving . . . , 133' 
pair of journals . . . . ) Trailing . . . . 129' 

tons cwt. 
"Weight of engine in average working order . . 36 14 
„ tender „ „ ,, ..26 4 

Total 62 18 
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Fig. 68. — Kirtley's Express Engine, Midland Railway Company, 1871. 



When the American Pullman car trains were first 
introduced into this country in 1874 engines of the 
890 class were employed to work them, and were 
specially fitted with a central buffer at the back of the 
tender, as the cars had not side buffers. 



CHAPTER IV. 

MODERN LOCOMOTIVES FOR MAIN LINE TRAINS. 

It being diflBcult to exactly define what is meant by 
" modern locomotives," for the purposes of this chapter 
engines will be included which have been designed and 
constructed within the past twenty years. 




Fig. 69. — Glasgow and South- Western Express Engine, July, 1873. 

Mr. James Stirling, locomotive superintendent of the 
Glasgow and South-Western Railway, at Kilmarnock, 
in 1873, was the first locomotive engineer to introduce 
a design or combination which included a leading- 
bogie, four coupled wheels 7 feet diameter, and inside 
cylinders 18 inches diameter. 
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The tractive force exerted for each pound of effective 
steam pressure per square inch in the cylinders being, 
therefore, — 

18 X 18 X 26 



84 



> 100-286. 



It had been contended by many engineers that a 
pair of 18-inch cylinders with their valves between 
them could not be placed between the frames of an en- 
gine upon the 4 feet 8| inch gauge, but Mr. Stirling 
proved that sufficient space existed by placing the 
cylinders thus in his new engine. 

The boiler is flush-topped, having a Kamsbottom 
safety-valve placed over the fire-box casing, and is 
without a dome. 

No. 6 (Fig. 69) was reversed by means of screw gear, 
but in May, 1874, Mr. Stirling completed a similar 
locomotive. No. 95, and it was the first to be fitted with 
his steam reversing gear. This gear consists of two 
small cylinders placed horizontally upon the right-hand 
side of the foot-plate, both the pistons being attached 
to one rod which passes out through the front cylinder 
cover and is connected to the rod working to the re- 
versing gear. By means of a small handle the engine* 
driver can admit steam to either end of the steam 
cylinder, and thus put the engine in forward or back- 
ward gear at pleasure. Between the two cyh'nders the 
piston rod carries an index which works over a fixed 
scale showing the position of the gear and the propor- 
tion of the stroke at which the steam is being cut off 
in the main locomotive cylinders. 

To retain the steam reversing gear in any required 
position the second small cylinder is completely filled 
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MR. STROUDLEY'S •'GKOSVENOR." 126 

with oily and its piston can only move when the driyer 
permits a valve to open to allow the oil to pass from one 
end of the small cylinder to the other. 

Therefore, without any manual labour the engineman 
can reverse the locomotive by means of a small handle 
upon the foot-plate, and as the one handle actuates both 
the steam valve and the oil valve, it follows that in 
whatever position the driver stops the supply of steam 
the oil will firmly hold the gear. 

Engines of this type still remain the standard pattern 
upon the Glasgow and South- Western Eailway, and 
Mr. Stirling has during recent years introduced a very 
similar design upon the South-Eastem Railway, but 
having cylinders 19 inches diameter, for working the 
express trains between Charing Cross and Dover. 

In 1874 Mr. Stroudley designed and constructed at 
the Brighton Works an engine named the " Grosvenor," 
No. 151 (Fig. 70). 

This engine has a single pair of driving-wheels 
6 feet 9 inches diameter, cylinders 17 X 24, weight on 
driving-wheels 14 tons. The "Grosvenor" was sent 
with the Brighton Company's train to the Newark 
Brake trials in 1875 ; it also was the engine employed 
throughout Captain Qalton's brake experiments in 
1878—79. 

When the *'Grosvenor" was new the author rode 
several trips upon her foot-plate. On one of these 22 
coaches were conveyed from London to Brighton by 
the five o'clock express without any loss of time. 

Mr. S. W. Johnson, in 1875, introduced a powerful 
type of engine upon the Midland Railway for the con- 
veyance of heavy mineral trains, No. 1148 (Fig. 71), 
being one of those built by Kitson & Co. 



126 DEVELOPMENT OF THE LOCOMOTIVE. 

Engines of this class have cylinders 17| X 26, and 
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six coupled wheels of 4 feet 10 inches diameter ; the 
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traotiye force for each pound of effective pressure on 
the pistons being therefore — 

Hiiim2il«-137-284. 
58 

Heating surface 1,225 square feet. 

In 1878 Mr. F. W. Webb, of the London and 
North- Western Railway, converted one of the old 
engines on that line into a compound, on Mr. Mallet's 
system, the result of its working being that Mr. 
Webb in 1881-2 built at Crewe a compound engine 
of his own design named " Experiment,*' No. 66. 

Mr. Webb's system employs three cylinders, namely 
two high-pressure cylinders of equal size, placed out- 
side and arranged to drive the hind driving-axle, 
and one low-pressure cylinder placed inside, under 
the smoke-box, and arranged to drive the front 
driving-axle ; the steam, of course, passing from the 
two high-pressure cylinders into the one low-pressure 
cylinder. 

There is no subject relating to locomotive construc- 
tion which has engaged so much attention and caused 
so much controversy as the introduction of '^ Com- 
pound " Express Engines. The advocates of the com- 
pound principle maintain that ** as the steam is used 
twice over there must be a saving in fiiel, and that 
even if some of the early engines built are not fully up 
to expectations the defects will be overcome in the 
next to be constructed." 

On the other hand the advocates of the " Simple *' 
system point out that two sets of cylinders and motion 
are cheaper to construct and cheaper to maintain than 
three sets ; they hold the opinion tb^t ^here is qq 
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saying in coal, and that even if there were, it would 
be due to the high pressure of steam used, not to the 
compound principle ; and with regard to the question 
of fast running they refer to the fact that at the time 
of the great railway race of 1888 the three-cylinder en- 
gines had to be withdrawn, and *' simple two-cylinder ** 
engines employed to perform the fast running. 

The only possible way to prove what are the real 
capabilities of the " Simple '* and " Compound *' 
systems, respectiyely, is to have a complete and im- 
partial trial. Let two engines be built, the one 
"Simple," the other "Compound" — the boilers, fire- 
boxes, heating surface, pressure of steam, and diameter 
of driving-wheels, being identical in each. Let the 
first cost, cost of maintenance, consumption of coal and 
oil, be carefully ascertained, and let the two engines 
be run over the same section of line with similar 
trains ; in fact, have the trials made absolutely fair, 
and in a very short time the results would settle all 
the controversy. 

The writer has watched the subject most carefully 
from the first, in an impartial spirit, but he cannot fail 
to observe that " facts " are in favour of the " Simple " 
engine. "Whatever a " Compound '' engine can do a 
"Simple*' engine can do, and frequently with more 
efficiency. It is therefore not a matter of surprise 
that the locomotive superintendents of all the other 
important lines, after having made themselves fully 
acquainted with the "Compounds" in use in this 
country, continue to build large numbers of non-com- 
pound express engines, which give great satisfaction. 

In 1881 the late Mr. "William Stroudley, locomotive 
superintendent of the London, Brighton and South 
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Coast Railway, found that engines of increased power 
were required to work the Company's express trains, 
which were constantly increasing in weight ; for instance, 
the 8'45 A.M. express from Brighton to London Bridge 
being a train often consisting of 25 coaches, the time 
allowed being 1 hour 10 minutes, the weight, including 
engine and tender, being fully 350 tons. The return 
train leaves London Bridge at 5 p.m., and arrives at 
Brighton at 6-5 p.m. 

Mr. Stroudley, therefore, constructed in 1882, at the 
Brighton works, a powerful express engine named 
"Gladstone" (Fig. 72). 

ft. in. 

IHameterof cylinders (18^) 1 6^ 

Length of stroke (26) 2 2 

Diameter of coupled wheels 6 6 

The tractive force for each pound of effective pres- 
sure in the cylinders is therefore — 

18iiLj|iJi26=iu-0201b8. 

Total heating surface . . .. • 1,485 sq. ft. 

tODB. cwts. 
Weight of engine in working order , , , . 38 14 
Tender loaded 27 7 

Total 66 1 

This engine is fitted with the Westinghouse auto- 
matic hrake applying two cast-iron blocks to each of 
the coupled wheels, and one block to each tender 
wheel. The valves are actuated by the ordinary 
"Howe** curved link motion, the reversing being 
performed by the late Mr. Stroudley's arrangement, in 
which air from the Westinghouse brake is made to do 
the duty of a reversing lever or screw. 

The position of the valves is under the cylinders, 

K 
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therefore it folio w^s that when steam is shut off, all 
friction between valves and their faces ceases. To 
reduce the wear of the leading wheels Mr. Stroudley 
arranged a pipe leading from the bottom of the exhaust, 
in order to turn a jet of steam against the flange of 
each leading wheel, the cold wheel condenses the steam 
and lubricates the flanges, and when running round 
sharp curves, especially in dry weather, the grinding 
noise of leading wheels, so often observed upon many 
lines, is consequently avoided. 




Fig. ^2.— Brighton Company's Express Engine, 1882. 

The tender runs upon six wheels, carries 2,250 gal- 
lons of water and two tons of coal, and has inside frame 
and inside bearings only. 

A number of other similar engines have been built, 
one of which, named *' Edward Blount," obtained a gold 
medal at the Paris Exhibition in 1889. 

Engines of the " Gladstone" type have very success- 
fully coped with the difficulty of conveying express 
trains of excessive length ; however, in consequence of 
the increase of traffic and the generally-expressed wish 
of the passengers that " the journey from London to 
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Brighton should be performed in an hour," it is prob- 
able that at no distant date some of the heaviest trains 
will have to be run in duplicate. 
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The line from London Bridge to Brighton is about 
50J miles in length, and about three miles from London 
the New Cross incline of 1 in 100 for 2 J miles com- 
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mence?, after which the line rises and falls by gradients 
of 1 in 264 to three summits, one at Merstham tunnel, 
another at Balcombe tunnel, and the third at the 
Clayton tunnel. It therefore follows that with a train 
of fair average length, an engine having a "single'* 
pair of driving wheels of 7 feet or 7 feet 6 inches dia- 
meter could, without diflBculty, perform the journey of 
50^ miles in 60 minutes. 

Fig. 72 shows that the ** Gladstone " has the four 
large coupled wheels placed in front; this arrangement 
enables a very much shorter coupling-rod to be em- 




Fig. 74.— Midland Tender, No. 1631. 
ployed, and leaves the length of the fire-box practically 
unlimited, which is not the case when the trailing 
wheels are coupled. However, for the fastest express 
work the writer would prefer an imcoupled wheel as 
leader. 

The heavy express goods traflSc upon the Midland 
Railway necessitates the employment of powerful loco- 
motives. In 1877, Mr. Johnson introduced engines 
for this work having cylinders 17^ by 26 inches, and 
wheels of 6 feet 2^ inches diameter ; his more recent 
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engines are of similar appearance^ but have cylinders 
18 by 26 incbeSy wheels 6 feet 2| inches and a boiler 
pressure of 150 lbs. per square inch. Several hundreds 
of these engines are at work and giving good results. 

The tender (Fig. 74) runs on six wheels, carries 
2,200 gallons of water, and has a coal space of 144 
cubic feet. 

Mr. S. W. Johnson, the locomotive superintendent 
of the Midland Railway, introduced " bogie *' express 
engines upon that line in 1876, and since that time 190 
have been built of the same general design as Fig. 75, 
but with cylinders varying from 17J to 19 inches 
diameter. Until 1885, the steam pressure employed 
was 140 lbs. per square inch, but in that year Mr. Johnson 
designed the 1738 to 1757 class, having steel boilers 
and a high pressure of 160 lbs. per square inch. Their 
dimensions being — 

ft. in. 

Diameter of cylinders .. .« •• •• .. (18) 1 6 

Length of stroke (26) 2 2 

Diameter of coupled wheels 7 

The tractive force exerted for each pound of effec- 
tive steam pressure per square inch in the cylinders 
being, therefore, thus — 

18 X 18 X 26 

gj -100-285. 

As the steam pressure carried is 160 pounds per 
square inch, and the weight available for adhesion 
is over 28 tons, it follows that the engine is capable 
of performing fast and very heavy work. 

ft. in. 
Distance apart of cylinders from centre to centre 2 4 
Length of boiler between tuhe plates .. .. 10 10^*^^ 

Mean diameter of boiler inside . . . . . . 4 1 

Number of tubes . , , , . , , , 246 
Diameter ot tubes •. •• «« «« .. 1| 
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Pressure of steam 160 lbs. 

Total heating surface 1,261 sq. ft. 

Weight in working order — 

tons. owta. qrs. 

On bop;ie wheels 14 12 1 

On driving wheeln 16 

On trailing wheels 13 2 2 

Total 42 14 3 

Weight of tender, full, 3,250 gallons of 
water and 2 tons of coal 36 1 1 

Grand total engine and tender 78 16 




Fig. 75.— Midland Railway Express Engine, built 1885. 



One of these engines, No. 1757, ** Beatrice," was 
sent in 1887 to the Saltaire Exhibition, and has since 
been employed to work several royal trains. 

For the purpose of working the Midland Company's 
trains over the Lancashire and Yorkshire Railway, 
vid Hellifield, and thence to Carlisle, Mr. Johnson in 
1888 designed the 1808 to 1822 class, similar to No. 
1738, but with coupled wheels of only 6 feet 6 inches 
diameter. 
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The following was the complete list of the Midland 
Company's coupled bogie express engines to 1895 : — 



N08. 


Builder. 


Date. 


Cylinder. 


Stroke. 


Coupled 
wheels. 


*? 








In. 


In. ' 


Ft. 


In. 


Lbs. 


1312 to 1321 


Eitson 


1876 1 

I 1877 ] 

1877 


nj 


26 


6 


6 


140 


1327 to 1346 


Dubs 


18 


26 


7 





140 


1662 to 1581 


M.E. Co. 


1882 

I 1883 ] 

1883 


18 


26 


6 


9 


140 


1667 to 1666 


M.R. Co. 


18 


26 


6 


9 


140 


1667 to 1676 


M.B. Co. 


1884 
(1885 


19 


26 


7 





140 


1738 to 1757 


M.R. Co. 


{ 1886 
|l887 


18 


26 


7 





160 


1808 to 1822 


M.R. Co. 


1888 


18 


26 


6 


6 


160 


11 and 14 \ 
80 to 87 J 


M.R. Oo. 


1891 


18 


26 


6 


6 


160 


2183 to 2202 


Sharp ) 
Stewart J 


1892 


18J 


26 


7 





160 


2203 to 2217 


Sharp ) 
Stewart 


1893 


18J 


26 


6 


6 


160 


184 to 199 \ 
161 to 164 


M.R. Co. 


1894 


18i 


26 


6 


6 


160 


230 to 2o9 


M.R. Co. 


1895 


18i 


26 


6 


6 


160 



The Caledonian Company's express engine No. 123 
(Fig. 76), was constructed by Neilson & Co., and 
attracted much attention at the Edinburgh Exhibition, 
1886, and during the " raUway race," 1888. 

The following are the principal dimensions : — 

Diameter of driving- wheels 7 feet. 

Diameter of cylinders 18 inches. 

Length of stroke 26 inches. 

The tractive force exerted for each pound of effec- 
tive pressure per square inch in the cylinders being 
thus : — 

iiiil|^« = 100-2851b.. 
84 
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Working pressure of steam 150 lbs. 

Weight on driving wheels 17 tons. 




Weifi^ht of end^e in working order 
Tender loaded 



tons 


cwte. 


41 


18 


33 


9 



Total 



76 



CALEDONIAN ENGINB, NO. 123. 
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The engine is provided with Adams' vortex blast- 
pipe, the Westinghouse automatic brake, a sand-blast, 
two injectors, and two water gauges. 

No. 123, during the " railway race,'' Morked the 
West Coast trains between Carlisle and Edinburgh. 

The writer rode several trips in trains over this dis- 
tance, and on one day timed the 101 miles covered 
in 104 minutes, some of the rising gradients being 
very severe, namely 1 in 75 on Beattock incline. 

Number 123 was put into express traffic between 
Edinburgh and Carlisle on June 1, 1888. 




Fig. 77.— Caledonian Tender, No. 123. 

The average number of vehicles was seven, six of 
which were 8-wheeled carriages, each 42 feet long, 
and one a 6-wheeled brake van, giving a total train 
weight of about 146 tons, exclusive of engine and 
tender. 

The average consumption of coal during the " rac- 
ing " months of August, September and October, 1888, 
was 31*8 lbs. per engine mile. 

The tender (Fig. 77) runs on 6 wheels, and carries 
2,850 gallons of water, and has a coal space of 210 
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cubic feet. The tender brake can be applied by either 
Westinghouse apparatus or by the usual hand-screw. 
Wheel-base of engine and tender, 42 ft. 6 in. 

Mr. Patrick Stirling, late locomotive superintendent 
Great Northern Railway, having employed express 
engines with cylinders 17 by 24 inches, and a single 
pair of 7 feet wheels, decided to design a much more 
powerful type of express engine, having a larger 
driving-wheel and larger cylinders ; and, as he could 
not employ inside cylinders, in consequence of the 




Fig. 78.— Type of Great Northern Express Engine, 1870 to 1896. 

height of the cranks, he placed them outside, where he 
could get them between the wheels of the bogie, and in 
a horizontal line with the centre of the driving-wheel. 
The first of these was built in 1870, and 53 of this 
pattern (Fig. 78) are now at work. 

The particular engine illustrated was the " Jubilee '* 
engine sent to the Newcastle Exhibition, 1887. 

ft. ins. 

Diameter of cylinders 18 

Length of stroke 28 

Diameter of driving-wheels (;iominal) 8 ^^ 
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Therefore the tractive force exerted for each pound 
of effective steam pressure per inch in the cylinder is 
thus— 

18x18x28 ft. -„ 

96 ^^*'^^^- 

Total heating Biirfaoe 1,046 aq. ft. 

Weight of engine in working order — 

Umh. cwta. 

On front bogie wheels 8 2 

On rear bogie wheels 9 9 

On driving wheels 17 

On trailing wheels 10 12 

Total 46 3 

Weight of tender loaded 33 7 

Grand total, engine and tender •• .. 78 10 

At the time of the " race/' engines of this type with 
loads of 7 to 9 coaches, weighing 120 to 140 tons, burnt 
only 22*6 lbs. of coal per mile, when working between 
London and Grantham, and Grantham and York. 
Nothing can more clearly show their economy in regard 
to Aiel. 

The line rises upon leaving London, King's Cross, by 
gradients of 1 in 105 and 1 in 110 through Maiden 
Lane and Copenhagen tunnels, and from about the 
4^ mile post to the 12| post is all rising one in 200. 
It is found in practice that engines similar to Fig. 78 
can take from 16 to 20 coaches up hill to Potter's 
Bar at an average speed of 40 miles an hour, and then 
they can run the remaining 92 miles to Grantham 
without a stop at an average of just under, or if neces- 
sary, fully 60 miles an hour. In 1888 No. 776 took 
an important part in the ''race to Edinburgh,'' and 
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engines of this type have been timed at a speed of ''just 
imder^ or practically^ 80 miles an honr/' 

Since 1886 Mr. Stirling has placed several new ex- 
press engines npon the Great Northern Railway^ known 
as the 230 class, in which he has returned to the inside 
cylinder pattern. These have 6 wheels, cylinders 18^ 
X 26, and driving wheels 7 feet 7J inches when new. 

The practical result of working is that both types 
are very efficient. The inside cylinder class is less 
costly to build, the coal consumption is the same in 
both ; and with reference to the question of speed it is 
found that the 7 feet 6 inch engines can run equally as 
fast as the 8 feet engines. For extremely fast running 
an inside cylinder engine is more suitable than an out- 
side ; it is therefore probable that in future the inside 
cylinder class will become the standard. 

A special series of comparative trips recently made 
between Doncaster, York, and Peterborough, with a 
" compound " engine, and a Great Northern " simple " 
engine resulted considerably in favour of the latter. 

For working the Great Eastern Company's heavy 
express trains between London, Yarmouth, Cromer, 
Doncaster, &c., Mr. James Holden has designed and 
constructed at Stratford several engines of the type 
illustrated (Fig. 79). 

These engines have four wheels coupled, 7 feet dia- 
meter, the leading end being carried by a pair of 4 feet 
wheels. 

The cylinders are 18 inches diameter, and the stroke 
24 inches ; the tractive force exerted for each pound 
of effective steam pressure per square inch on the pistons 
is therefore — 
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The axle of the leading wheels is provided with both 
inside and outside axle-boxes 

Total heating surface 1,230 sq. ft. 

Weight in working order 42 tons 

Weight of tender 30 tons 12 cwts. 

72 tons 12 cwts. 

The boiler is 4 feet 3 inches diameter inside, butt 
jointed, the plates being of steel ^ inch thick, and the 
working pressure of steam 150 lb. per square inch. 




Fig. 79.— Great Eastern Express Engine, No. 719. 

The inside fire-box i« of copper J inch thick, except 
the tube plate, which is 1 inch thick at top and J inch 
at the bottom. It is now the practice at Stratford to 
fit all engines having cylinders 17 inches diameter 
and upwards with 5^ inches steam pipes and large 
regulators. 

Indicator diagrams taken from the steam chest and 
cylinders show far less wire drawing at high speeds 
than formerly with the 4i-inch pipes. 

The cylinders are cast in one, and placed with the 
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valve faces downwards. This arrangement allows of 
long axle bearings. The cylinders are well drained^ 
and the valves can drop from the faces when running 
with steam shnt off. 

The valves are worked by the ordinary link-motion, 
counterbalanced by a spring and reversed by a wheel 
and screw. All engines now built at Stratford have 
single slide-bars, and cast-steel cross-heads, motion 
plates, spring hanger brackets, spring hangers, horn 
blocks, etc., and cast steel is now being introduced 
for all wheels. The coupling rods are made of 
wrought-iron of I section. 

The tender is carried upon six cast-steel wheels of 
4 feet diameter, the springs being outside the frames 
and (like all the new tenders) is now fitted with 
axle-boxes of a new pattern ; the box is cast in one 
without keep, a large oil reservoir is arranged to slip 
in under the journal from the front, which is easily 
removed to change the oil pads as required ; a dust 
shield is provided at the back or inner end of the box. 
These axle-boxes are found to work very satisfactorily, 
and there has not been any case of trouble from their 
heating. The tender carries 2,640 gallons of water and 
three tons of coal. 

The whole of the passenger rolling stock upon the 
Great Eastern Railway, including, of course, engine 
719, is fitted with the Westinghouse automatic con- 
tinuous brake. 

The express trains upon the Great Eastern Railway 
are heavy, more especially so during the summer 
months, when they are made up at Liverpool Street 
Station from 18 to 21, and sometimes even more, 
6- wheeled carriages, the majority of which are third- 
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class six compartment vehicles, all fully loaded and 
drawn by one engine. The work which has to be 
performed by such engines is very greatly increased, as 
the writer observed when travelling with the trains, 
by the fact that at a distance of about half a mile from 
the starting point the Bethnal Oreen incline commences 
and continues for nearly three-quarters of a mile upon 
a gradient of 1 in 70 ; the gradients on both the 
company's main lines are severe, the curves both 
numerous and sharp, aod the trains long. 

In 1888 Mr. Holden designed a new type of express 
engines somewhat similar in appearance to 719, but 
having a " single '* pair of 7 feet driving-wheels ; these 
are also giving great satisfaction. 

The Great Eastern Company has several locomotives 
at work fitted with Mr. Holden's system for burning 
liquid fuel. One of these, "Petrolea" (No. 760), is 
fitted to bum liquid fuel, but beyond the addition of 
an oil tank on the tender, and a few pipes leading to 
the liquid fuel injectors below the fire-hole door, 
there is nothing in its outward appearance to distin- 
guish it from a coal-burning locomotive, to which it 
can be converted at any moment, there being no 
alteration in the construction of the fire-box. A 
special feature of the injector is an outer ring through 
which jets of steam pass, these jets impinging at the 
nozzle on the liquid fuel induced through a central 
cone, and breaking the fuel up into a very finely 
divided spray which ignites immediately. There is 
a passage in the injector through which air also is 
induced, and as the emission of steam, liquid, and air 
can be adjusted independently of each other, combus- 
tion is regulated to a nicety, and the slightest smoke 
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avoided. The fire is lit up with coal in the usual way, 
and a bed of incandescent fuel and chalk or broken 
bricks kept up, the weight of coal used in conjunction 
with the liquid fuel being about one-third of the total 
fuel consumed. The saying of labour to the fireman 
is, of course, very great, whilst the incandescent base 
enables the engine to lie practically inert for hours 
if required, yet ready to start into action directly the 
injector is worked. The " Petrolea '* is employed to 
work some of the fastest and most important of the 
Company's trains, and the ''fuel experiment'' is 
being watched with great interest. 

The Manchester, Sheffield, and Lincolnshire Com- 
pany has recently constructed a new class of engine 
(Fig. 80), at its Gorton works, from the designs of 
Mr. Parker, locomotive superintendent. 

These engines work the main line trains between 

Manchester, Retford, and Grantham. They have 

cylinders 18 X 26, coupled wheels 6 ft. 9 in. 

diameter, with pressure of steam 160 pounds. Total 

^heating-surface, 1,278 square feet. The tractive force 

for each pound of effective pressure is 104 lbs. The 

piston speed when running at 60 miles an hour is 

thus — 

26 X 6 X 56 « 1,076 feet per miniite. 
81 

Weiffht of engine in working order • • . . 46 tons. 
Tender in working order • • . . . 35 tons. 

Total 81 tons. 

The tender carries 3,080 gallons of water and 4 tons 
of coal, and is provided with a special design of axle- 
box which is easily accessible. 
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The main line of the Manchester, Sheffield, and 
Lincolnshire Company forms a very considerable 
link in the through route between Manchester (London 
Rnad) and London (King's Cross) ; and to avoid an 
extra stop at Retford, the Sheffield Company's engines 
work these express trains over the Great Northern 
Railway as far south as Grantham, and it is upon this 
important service that No. 564 and its sister engines 
are employed. 

The loads vary from 120 to 200 tons, equivalent to 




Fig. 80.— M. S. & L. Express Eogine, 1887. 

nine to fifteen vehicles. The average speed, exclusive 
of stoppages, equals 44J miles an hour. 

In order to fully appreciate the work which has to 
be performed, it is necessary to take into account the 
heavy gradients and also the very numerous curves 
which exist (the sharpest of which has a 7-chain 
radius), and which, of course, cause much extra flange 
friction. The writer has recently made several trips 
in trains over the route in order to carefully note the 
actual working of the engines upon the various 
gradients. 
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Leaving Manchester, the engine has one continuons 
up-hill pull of 22 miles to Dunford Bridge, the 
gradients being chiefly 1 in 100, 108, 97, 100, 177, 201. 

Upon the return journey, after leaving Sheffield, 
the train has to climb up to Dunford Bridge, 19 miles 
of 1 in 132, 120, 131, 100, 135. Railway-men will 
see at a glance the work which these gradients imply, 
more especially when the long incline has to be faced 
after the engine has worked from Grantham to 
Sheffield, a distance of 56 miles, and made a start from 
that station. 

The average consumption of coal per mile of the 
564 type has been reduced to 24 lbs., and under favour- 
able circumstances to 22^ lbs., per mile. 

At the present time the Manchester, Sheffield, and 
Lincolnshire line may be regarded as an extensive local 
system, its engines working from Liverpool cii the west 
to Grimsby on the east, north to Leeds, and south to 
Grantham. By a recent Act of Parliament, the com- 
pany's system is now extended to Nottingham, and by 
means of the new line through Leicester to Aylesbury 
it is now certain that at no distant date the Manchester, 
Sheffield, and Lincolnshire line will, in connection 
with the Metropolitan, become a great through route 
upon which its own engines will work trains to 
London. 

The North Eastern Company exercises its running 
powers over the North British Railway between 
Berwick and Edinburgh, and provides the locomotive 
power for the through East Coast Joint Stock 
expresses between York and Edinburgh. For several 
years this service was worked by engines designed by 
Mr. Fletcher in 1870, having four coupled 7 feet 
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wheels and cylinders 17 by 24. In 1885 twenty 
express engines were built at the suggestion of Mr. 
Tennant, General Manager; these had 4 coupled 
7-feet wheels, cylinders 18 by 24, and 1,250 square 
feet of heating surface ; these proved remarkably fine 
engines, and still work the express trains between 
Newcastle and York. 

In the early part of the year 1889 Mr. T. W. 
Worsdell, having become the Company's locomotive 
superintendent, made a new departure by constructing 
an engine — No. 1329 — having a single pair of driving 
wheels 7 feet 1 J inches diameter, and upon the com- 
pound principle. The working results of this engine 
proved thoroughly satisfactory to Mr. Worsdell ; he 
therefore decided to construct five others of a still 
larger design, one of these being No. 1518 (Fig. 81). 

Mr. T. W. Worsdell has laboured very energetically 
in the development of the "two-cylinder compound 
engine *' (Fig. 81), which he maintains is better than 
the three-cylinder system. 

The North-Eastem compound engines are worked 
upon the system of Messrs. Worsdell and Von Berries ; 
the lat'est design (Fig. 81) has a high-pressure cylinder 
20 inches diameter, and a low-pressure cylinder 28 
inches diameter, the stroke in both cases being 24 
inches. To place two such large cylinders between 
the frames it was found necessary to fix them at 
different levels, so that their axes are not parallel. 

The driving-wheels are 7 feet 7^ inches diameter. 

The valves are worked by the Joy gear, through the 
medium of rocking shafts. There is also a special 
valve arrangement by which high-pressure steam can 
be admitted direct to the low-pressure cylinder. This 
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arrangement enables the engine to be started when the 
high-pressure cylinder is upon a dead point. The 
boilers have been built to carry a working pressure of 
steam of 200 pounds per square inch, but at the present 
time 175 pounds is the pressure used. 




Fig. 81.— North Eastern Compound Engine, 1889. 

Total heating Borface 1,139 sq. ft. 

Weight on driying wheels 17 tons, 15 cwt. 

tons. cwts. qra. 

Weight of engine (fuU) 46 13 2 

Weight of tender (full) 40 1 

Total .... 86 14 2 

The weight of 17 tons 15 cwts. upon the driving- 
wheelSy assisted by the sand-blast, is found amply 
sufficient to provide the necessary adhesion. 

This is the heaviest class of engine and tender com- 
plete running in this country. 

The tender carries 4 tons of coal and 3,940 gallons of 
water, which enables these engines to run through from 
Newcastle to Edinburgh, 124 miles 31 chains, without 
a stop. 

Several of these engines have run at very high speed. 
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and the writer has timed them at just under 80 miles 
an hour. 

No. 1,517 was put into traffic between Newcastle 
and Edinburgh early in October, 1889. The loads 
varied from ten to twenty-two vehicles. At the end of 
October the average coal consumption was stated to be 
26*4 lbs. per mile. On one occasion a trial was made 
between Newcastle and Berwick with a train of thirty- 
two empty carriages; the distance — 67 miles — was 
run in 78 minutes, or three minutes under the time of 
the Scotch Express, and this with a load of certainly 
not less than 270 tons, exclusive of engine and tender. 

Mr. Worsdell has also conferred a boon upon the 
drivers and firemen of the North-Eastern Railway, by 
providing them with a good comfortable cab, as shown 
(Fig. 81). 

A similar engine, No. 1,521, was sent to the 
Edinburgh Exhibition of 1890. 

Mr. William Adams, when locomotive superintendent 
of the London and South-Westem Railway, designed 
and constructed, at Nine Elms, twenty express engines 
(Fig. 82) of great size and power. 

Diameter of cylinders 19 ins. 

LengUi of stroke 2G ins. 

Tlie piston-rod passes through the front cover 
of the cylinder. 

Diameter of bogie wheels 3 9| 

Diameter of conpled wheels • • • • • • 7 1 

Length of boiler barrel . . •• .. •• 11 

Length between tube-plates .. •• .. II 4 

Diameter of boiler outside .. •• .. 4 4 

Number of tubes 240 

Diameter of tubes outside 1} 

The boiler is made of mild steel plates. Work- 
ing pressure of steam, 175 lb. per Bq. in. 
The boiler is fed by two No. 8 injectors. 

From rails to centre of boiler tf <> 
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Heating surface of tubes 
Heatiog surface of fire-box 



'J'otal 



Area of fire-grate 



1,245-60 sq. 
12216 „ 


ft. 


1,367-76 „ 
18 ., 




ft 
gie .. 8 
ude 10 
8 
4 


ins. 

6 
3 



From front of buffer plate to centre of bogie 
From bogie centre to centre of driving-axle 
From driving to trailing 
From trailing axle to back of frame 

The frames are of mild steel, placed inside, and 

the axles have inside-bearings only ; the driving and 

trailing springs are attached to a compensating beam ; 




riff. 82.— London and South- Western Express Engine, 
No. 680. 

the axles are of cast-steel ; the tires of steel ; copper 
fire-box and brass tubes ; the coupling-rods are of 
wrought-iron of I. section. 

The tender runs on six wheels of 3 ft. 9f ins. 
diameter, the capacity of the tank being 3,300 gallons. 

Weight of engine in working order — 

Engine — 

Tons. cwt. qrs. 

On bogie wheels . . . . . . . . 18 4 

On driving wheels 16 13 

On trailing wheels 14 18 

Total engine .. . . 48 15 
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Tbndb 



Tons. cwt. qrs. 

On first pair of wheels 9 18 

On middle 10 8 

Onthird 11 14 



Total 32 

Total engine and tender in working 
order .. .. 80 15 

ft. in. 
Total wheel-base of engine and tender . . 44 3|- 
Total length over bnffers 53 8| 

One oast-iron brake-block is fitted to each coupled 
and tender wheel applied by ** steam *' ; the engine is 
also provided with the necessary apparatus for working 
the automatic vacuum brake upon the train. 

Mr. Adams has also designed and constructed 
another type of locomotive for either passenger or 
goods traffic, these new engines being employed to 
run express goods between London and Exeter, and 
also upon heavy excursion traffic. 

They are tender engines running upon six wheels, 
having four coupled wheels in front and a small pair 
of trailing wheels under the foot-plate. 

"530 CLASS." 

Diameter of cylinders • • • 18 ins. 

Length of stroke • . . . • . . . . 26 „ 

Diameter of coupled wheels 6 ft. 

Length of boiler barrel . . . , ..11,, 

Kumber of tubes .. .. .. 218 

Diameter of tubes (outside) • ^ . . 1} in. 

Heating surface of tubes. . . . . . 1131*4 sq. ft. 

Heating Burfftce of fire box .« .. 116*7 „ 

Total „ .. 1,2481 H 

Area of fire-grate •• •• •« 17 sq. ft. 
Pzeesnre of steam .. •• ^i 160 lb. per sq. in. 
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Weight in working order — 

tons. cwt. qrs. 

On leading wheels 15 6 

On driving wheek 16 8 

On trailbg wheels 10 13 

Total engine .. •• •• 42 7 
Weight of tender loaded 30 2 

Grand total of engine and tender . . 72 9 
Length of wheel base of engine and tender. . 38 ft. If in. 

The new class of tank engine, 62 type, for working 
local passoDger trains, runs on eight wheels and has 
inside cylinders. 

The four coupled wheels are 5 ft. 7 ins. diameter, 
placed in front, and a four-wheeled bogie is placed 
under the foot-plate. The cylinders are 18 by 26. 

Weight in working order — 

Tons. cwt. qr. 

On leading wheels .. .. .. 17 3 

On driving wheels •• •• ,» 18 

On bogie wheels • •• 17 o 

Total .. .. 52 3 
Total heating surface 1,248 sq. ft. 

The South- Western Company provides its engines 
with the Adams Vortex blast-pipe, which instead of 
being a simple tapered pipe, as generally employed, 
has a central tube through which the heated air from 
the lower rows of tubes is drawn. This blast-pipe is 
found to fully answer expectations, as will be seen from 
the following oflBcial statement. 

From June, 1885, to June, 1889, the company mixed 
the coal in proportion of two-thirds Welsh coal to one- 
third hard coal ; since that time, in consequence of the 
increase in price of Welsh coal, the proportion is 
reversed, and in consequence the consumption is in- 
creased, and thus destroys the means of comparison 
with former years. (See next page.) 
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Previously to the South-Eastem and Chatham amalga- 
mation, the South- Eastern engines were designed by 
Mr. James Stirling and constructed at Ashford ; they 
have a leading bogie and four coupled 7-feet wheels ; 
the cylinders, placed inside, are 19 inches diameter and 
the stroke 26 inches. 

The results of the working of six of these engines 
stationed at Dover, and each running about 1,000 miles 
per week upon mail and express trains between Dover 
and London, were as follows, and show very clearly the 
influence of weather and working generally during 
three different seasons of the years since the design was 
introduced. 

Mat. 

Average load 12 vehioleB — 120 tons \ ,0^ . „„ 

EiujIdS and tender .. 70 „ }=• 190 tons. 

Average coal per train mile, 27*62 lbs. 

NOYEICBEB. 

Average load same as above* 190 tons. 
Average coal per train mile, 30*37 lbs. 

August. 
Average load 16 vebides sl50 tons ) .oon 4- 
Engine and tender .. 70 ,. } -^^0 tons 

Average coal per train mile, 28*72 lbs. 

The London, Chatham, and Dover Railway employed 
engines designed and constructed by Mr. William 
Kirtley at its Longhedge Works. They have a leading 
bogie, four coupled wheels of 6 feet 6 inches diameter. 

The cylinders are 17J inches diameter, by 26 inches 
stroke, the coupled wheels being 6 feet 6 inches dia- 
meter, and the tractive force therefore— 
HiliL2L.io2ibs. 

78 

for every lb. effective pressure on the piston. The 
boiler pressure is 150 lbs. per square inch. 

The weight on the coupled wheels is 27| tons, of 
62,160 lbs., and a tractive force equal to i of the weight 
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available for adhesion would be given by a mean effec- 
tive pressure of — 

62160 
102-7-6 -121-8 lb.. 

per square inch, for which the cut-off required would be 
about 65 per cent, of the stroke. 

The boiler, barrel, and fire-box shell are of best 
Yorkshire iron, the barrel made in two plates only, 
the circumferential seams being lap jointed and single 
riveted, and the longitudinal seams butt jointed and 
double riveted. 

The top and sides of the shell are formed of one 
plate. The inside fire-box is of copper, the crown and 
sides in one plate, and the crown stayed by wrought- 
iron bars, secured by studs screwed through the crown 
plate into the bar with nuts on the underside. The 
fire-box stays are of copper. The back plate of the 
shell and the front tube plate are stayed by direct 
longitudinal stays, and the fire-box tube plate to the 
barrel by palm stays riveted to the latter. 

ft. ins. 
Height of centre of boiler from rail . . ..72 

Length of barrel 10 3 

Diameter of barrel outside at largest part ..43 

Thickness of plates ^ 

Length of fire-box shell outside . . ..59 
Wi^hof ditto at bottom .. .. 3 11 

Deptii of ditto from centre of boiler 5 2 

Thickness of ditto plates ..00^ 

Water space between fire-box and shell at 

bottom 3 

Thickness of fire-box plates O.V 

Ditto tube-plate .. .• .. Of} 

Number of tubes, 199 (brass) 

Diameter of ditto outside If 

Pitch of ditto 2| 

Heating surfiEUse tubes 963 square feet. 
Ditto fire-box 107 ,, „ 

Total . . 1,070 
Orate area 16*6 square feet. 
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The fire-box is fitted with brick arch and deflector 
plate on the inside, and sliding doors on the outside, 
these being fitted with an auxiliary door or valve for 
regulating the admission of air to the fire-box, the main 
or sliding doors being always closed when running, so 
that no glare or heat from the fire is thrown on to the 
footplate or into the cab, to incommode the men, or 
afiect their clear view of the signals by night. The 
grate bars are 1^ inches wide at the top, and of 
wrought iron with J-inch air spaces. 

The London, Tilbury and Southend Railway works 
its passenger traffic with large ten-wheeled tank 
engines, having a leading bogie, four coupled wheels 
of 6 feet diameter, and a trailing pair of small wheels, 
the cylinders placed " outside " and 17 X 26. The total 
weight of these engines is 56 tons. 

The latest tank engines for the North London Bail- 
way have been designed and built by Mr. Park at Bow ; 
they have outside cylinders 17^ X 24, a leading bogie, 
four coupled wheels, and a steam pressure of 180 lbs. 
per square inch. 

The North London Company's main line extends 
from Broad Street station to the junction with the 
London and Novth-Western system at Chalk Farm, 
and it has branches to Poplar and at Bow which 
bring up the total length of the railway to twelve 
miles. 

The Company also is joint lessee with the North- 
Westem and Midland of the North and South-Western 
Junction Railway, and by means of running powers 
over portions of the Great Northern, London and 
North- Western, and other lines, its trains traverse the 
western, northern, and eastern suburbs of London. 
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The traffic is heavy, the gradients severe (being 1 in 
69 at Highgate), and the stations about half a mile 
apart. 

The average mileage of the whole of the North Lon- 
don Company's engines equals 46,000 miles p6r annum, 
and the average fuel is 30 lbs. of coal per train mile. 

The North London was one of the first companies to 
see and take advantage of high steam pressure. When 
other lines were using 120 lbs. and 140 lbs. per square 
inch, this line employed 160 lbs. with excellent results 




Fig. 83. — Metropolitan District Engine. 

The Metropolitan and Metropolitan District Rail- 
ways have both for many years worked their heavj 
and continuous passenger traffic with leading bogie, 
outside cylinder, four-coupled passenger tank engines, 
having cylinders 17 X 24, and wheels 5 feet 9 
inches. However, the latest Metropolitan engine has 
inside cylinders and a trailing bogie. 

Fig. 83 shows that the engine has a leading bogie, 
four coupled wheels, and outside cylinders. This class 
of tank engine was originally designed for the under- 
ground railways by Sir John Fowler. On the opening 
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of the Metropolitan District Railway, the locomotiye 
Btook consisted of twenty-four of these engines, since 
increased to fifty-four, the whole of which have been 
built by Messrs. Beyer, Peacock & Co., of Manchester. 
These engines have proved remarkably satisfactory, as 
is clearly shown by the fact that when ordering new 
ones it has been found unnecessary to make any 
changes of importance in the dimensions. The chief 
dimensions of No. 54 are as follows : — 

ins. 

Diameter of cylinders (17) . . • • . . 16 

Leogth of stroke (24) 2 

Length of ports ^ ^i 

Width of steiim ports ^ ^f 

Width of exhaust ports 2| 

Between centres of cylinders 6 

Between centres of valve spindles . . . . 2 lOi r 

Diameter of piston rods . . . . • , 2^ 

Lap of valves 0- 

Lead of valves 0- 

Throw of eccentrics 2;: 

Diameter of hogie wheels (new) . . • • 3 

Diameter of coupled wheels (new) . . . . 5 9} 

Total wheel hase 20 9 

Diameter of hoiler (inside) 4 

Length of boiler, between tube plates . . 10 6} 

Diameter of tubes 2 

Number of tubes 164 

Working pressure of steam .. 130 lbs. 

Diameter of blast-pipo 6} 

When working in tunnels the exhaust steam is dis- 
charged into the water tanks. 
Weight in working order : — 



On bogie wheels 
On driving wheels 
On trailing wheels 



tODB. 


owts. 


10 


17 


18 


1 


17 


12 



Total 46 10 



On journeys round the " inner circle " the author 
finds the number of booked stops is twenty-seyen, in 
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addition to which there are always several due to sig- 
nals ; the distance is thirteen miles, and the time occu- 
pied in running sixty-eight minutes. The load hauled 
on all the circle trains and also over the gradients 
above mentioned is a train of nine coaches weighing 
from 75 to 87 tons empty. There are also a few local 
trains of five coaches running between High Street, 
Kensington, Putney Bridge, Earl's Court, Chiswick 
Park, and on the Hounslow branch. 

The entire stock of the Metropolitan District Com- 
pany, consisting of fifty-four engines and 350 car- 
riages, is fitted with the Westinghouse automatic 
brake, and it is a fact worthy of note that although 
constantly stopping trains this brake works without a 
single fault or delay being caused. 

The Company's locomotives undergo a general re- 
pair once in about two and a half years, and are prac- 
tically in constant work from one general repair to the 
next, one shed day in seven being the only time they 
are cold. 

The author finds the coal sheet to be remarkably 
good, considering the constant starting of trains, the 
heavy work, and severe gradients, the average con- 
sumption being less than 30 lbs. per mile. It must 
also be remembered that the entire railway consists of 
curves, there being hardly any straight road, and many 
of the curvesare so sharp as to require check rails. 

The Great Eastern Company has several useful classes 
of express engine, in addition to those illustrated. Fig. 
79, namely the old '' single'' engines designed by 
Mr. Sinclair, and the large bogie express engines of 
the 602 class, having cylinders 18 X 26 and driving- 
wheels 7 feet 6 inches diameter. 
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The Coupled Compound Engine, No. 230, built by 
Mr. Woredoll, has since been altered. 

The Lancashire and Yorkshire Railway, having heavy 
gradients and frequent stoppages, requires engines of 
considerable power. That company, therefore, employed 
engines having a leading bogie, four coupled wheels of 
6 feet diameter, and cylinders 17J x 26, also a 
later class having cylinders 18 x 26 and 7 feet 3 
inches coupled wheels. 

The North British Railway is also one requiring 
power : we therefore find bogie express engines with 
four coupled wheels of 6 feet 6 inches diameter and 
cylinders 18 by 26. 

On the Caledonian Railway several powerful engines 
are employed. Mr. Drummond had constructed bogie 
express engines with cylinders 18 by 26 and 6 feet 6 
inches coupled wheels, and engine No. 124 had 19 
inch cylinders, now reduced to 18. Boilers with 
various pressures from 150 to 200 lbs. per square inch 
have also been tried upon this railway. 

The tank engines for working the passenger traffic 
between Liverpool and Bivkenhead through the Mersey 
tunnel are of exceptional power, the gradient to be 
ascended being no less than 1 in 27 ; the engines of the 
No. 1 class have six coupled wheels of 4 feet 7 inches 
diameter and a trailing bogie, the cylinders are 21 
inches diameter and 26 inches stroke, the total weight 
of this engine being 68 tons. This great power and 
weight enable these engines to stop at any point within 
the tunnel, and start away with their trains upon the 
heavy gradient of 1 in 27. 

From the opening of the St. Pancras Station for the 
Midland Company's main line trains, in I8689 until the 
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year 1887, the whole of the express trains to London 
were worked by engines having four wheels coupled, 
but in that year Mr. S. W. Johnson designed and con- 
structed some engines having a '^ single '' pair of driv- 
ing wheels, 7 feet 4 inches diameter, cylinders 18 by 
26 and steam pressure 160 pounds. Two years later, 
1889, he designed a still larger class (see Fig. 84; 
Laving cylinders 18^ X 26, and 7 feet 6 inches 
veheels. 

Total heatiog surface 1,240 sq. ft. 

Prettsure of steam.. ,. •• 160 lbs. 

Weight on driyiDg wheels 17^ tonH. 

Weight of engine in average working order 43 tons. 
Weight of tender 30 „ 

Total 73 tons. 

Tender, water capacity .. , 3,250 gallon.^. 

Numbers of the " Single '* engines are running be- 
tween London and Leeds, London and Nottingham, and 
Liverpool to Marple, also between Bristol and Derby. 
The fact that engines of this type are working the 
main line express trains over the London line, having 
severe gradients (see Fig. 85) — for instance, Irchester 
and Sharnbrook of 1 in 120 — at high speed, and upon 
a coal consuQipiion of 28 to 32 poimds per mile, is the 
most convincing proof of their great efficiency. 

Considering the loads, speed, and gradients, the work 
which has to be performed between London and 
Leicester is as hard or harder than any locomotive work 
in the country. Leaving London, the line rises foi 
about 12 miles to Elstree, thence followed by a fall of 
1 in VJOO for about two miles to Kadlett, when the 
rise continues to Leagrave. The engine, therefore, has 
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Itg. 85. — Seotion ihowing Gradients of Midland Railway. 
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practically a constant pull up 1 in 176, and 1 in 200, 
until it has run 33 miles, when the line falls to Bed- 
ford upon gradients of 1 in i^OO, and speed has to be 
reduced to 15 miles an hour passing that station, which 
is a bad beginning for the rise to Shambrook summit, 
which is the top of both the Sharnbrook and Irchester 
Banks, of 1 in 120. Having run down to Welling- 
borough, the up-hill work continues past Kettering to 
the Desborough North Box, which is at the summit of 
two banks, of 1 in 132, and from Market Harborough 
up-hill work follows to the summit at Kibworth North 
Box, thence (with the exception of a dip at Glen) the 
line falls to Leicester. It will thus be seen that there 
are long lengths of 176, 120, 132, and at Kibworth a 
short length of 1 in 100. The Scotch traios now 
perform the distance, 99^ miles, with a load of 10^ 
coaches, in 115 minutes. 

The Nottingham expresses are allowed 80 minutes 
between Kentish Town and Kettering, 70^ miles, or 
an average from start to stop of nearly 53 miles an 
hour ; and when riding in the trains the writer has 
very frequently timed the run' in less than 78 minutes, 
and upon no occasion has he been a passenger when 
one of these engines has ever lost any time. 

The " Greater Britain,'' designed and constructed 
by Mr. Webb at Crewe, ran its first trip on the 4th 
November, 1891. , 

The general principle of the design of the " Greater 
Britain " is identical with the other compounds. The 
high-pressure cylinders are 15 inches diameter, and 
the low-pressure cylinder is 30 inches diameter, the 
stroke in each case being 24 inches. As far as tractive 
force is concerned, the engine is said to be equivalent 
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to a non-compound locomotive having a pair of 21- 
inch cylinders with a 2-feet stroke, the driving wheels 
being 7 feet 1 inch diameter. 

The special feature in the " Greater Britain " is the 
design of the boiler, which has been made with a very 
long barrel to allow of both driving-axles being placed 
under it. The tubes are divided into two lengths by 
a combustion chamber, those extending from the fire- 
box to the combustion chamber being 5 feet 10 inches 
long between tube-plates, while those forming the front 
group are 10 feet 1 inch long. 




l^in^ 



Fig. 86. — Mr. Webb*8 Compound Engine, " Greater Britain,*' 
built 1891. 

Heating snrface of firebox . . . . . . 120 6 sq. ft. 

,, ,, combustion chamber . . 39 1 ,, „ 

,, . „ tubes rfront) .. .. 863-0 „ „ 

„ „ tubes (oack) .. .. 49*3-0 ,, ,, 

Total 1,605-7 sq. ft. 



Pressure of steam 175 lbs. per sq. inch. 

Weight of engine in working order . . 62 tons 2 cwts. 

"Weight of tender 25 „ „ 

Total 77 tons 2 owt 
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Sufficient time has not yet elapeed for this engine to 
proye her cost of maintenance ; but, so far, facts appear 
to show that the difBcnlties which attend ** compound '' 
express engines have not yet been successfully over- 
come. 

The following particulars of the London and North- 
western route show the gradients oyer which the 
engines work. 

Leaving Euston the line passes under the Hamp- 
stead Road and immediately commences to rise upon 
gradients of 1 in 66, 1 in 110, 1 in 132, and 1 in 75 
to Camden. Having once overcome the Euston incline, 
the engine has before it a splendid run to Crewe. 
There are summits at Tring, Blisworth, Kilsby, Ather- 
stone, and Whitmore ; but with the exception of the 
rise near Whitmore, the engines upon either the up or 
down journey have practically to work throughout 
upon gradients of not more than 1 in 330, or 16 feet 
per mile. 

North of Crewe the gradients become more severe 
until, upon passing the 243rd mile-post, the engine 
commences to ascend long and severe gradients, and 
from Tebay to Shap-summit, a "bank engine" is 
employed to assist the trains up the incline of 1 in 75, 
after which the line falls to Carlisle. 

The most severe gradient is 1 in 75 going north, and 
1 in 95 between Carlisle and Shap travelliDg south. 
It is under consideration to make a tunnel and new 
line under Shap-summit. If this plan be carried out, 
both these severe gradients will be avoided. 

During the year 1891, and early part of 1892, thirty 
new express engines were built at the Swindon works 
of the Great Western Railway from the designs of Mr. 
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William Dean, to take the place of the broad gauge 
engines on the 23rd May, 1892. 

The new engines are numbered from 3,001 to 3,030, 
and run upon six wheels, have double frames, a single 
pair of driving wheels, 7 feet 8 inches diameter, and a 
pair of inside cylinders no less than 20 inches 
diameter (Fig. 87). 




Fig. 87.— Mr. Dean's Design of 1891. 



The chief dimensions of these splendid locomotives 
being as follows : — 

Diameter of cylinders 20 ins. 

Length of stroke . . . . . . . . 24 „ 

Diameter of driving wheels . . . . 7 ft. 8 ins. 

The tractive force exerted for each pound of effective 
steam pressure per square inch in the cylinders being, 
therefore, thus — 



20 X 20 X 24 

92 



= 104-3478 



The steam pressure carried being 160 lbs. per square 
inch, and the weight available for adhesion 19 tons. 
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it follows that the engines are capable of performing 
fast and very heavy work. The boilers of these new 
engines are provided with a dome, an advantage 
which the old engines (Figs. 44 and 54) did not have. 

Distance apart between ceotreB of cylinders . . 2 ft. 3 ins. 

Length of boiler between the tube plates • • 11 ft. 9^ ins. 

Mean diameter of telescopic boiler infdde • . 4 ft. 1)} ins. 

Number of tubes 246 

Diameter of tubes (outside) 1} ins. 

Pressure of steam 160 lbs. 

Heating surface of tubes 1,321*04 nq. ft. 

Heating surf ace of fire-box 123*88,, ,, 



H 



1,444*92 , 

Area of fire-grate 20*8 sq. ft 

Length of wheel-base 18 ft. 6 ins. 

Weight of engine in working order — 

On leading wheels 13 tons 4 cwts. 

On driving wheels 19 „ „ 

On trailing wheels 11 „ 18 „ 

Total 44 „ 2 „ 
Weight of tender fuU .. .. 32 „ „ 

Grand total, engine and tender . . 76 „ 2 „ 

The tender runs upon six wheels, and carries 2^ tons 
of coal, and 3,000 gallons, or 13 tons 7 cwts. and 96 
lbs., of water 

It is an admitted fact that the *' battle of the 
ifauges " has ended completely in favour of the narrow 
gauge ; however, now the Great Western Company 
has made the change, it has given proof that it intends 
to have some of the finest narrow-gauge express engines 
that can be constructed. When we see the fine new 
engines which Mr. Dean has built for the 4 feet 
8| inch gauge, we cannot help feeling great regret 
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that Mr. Brunei did not devote his great skill and 
energy to the perfecting of the narrow-gauge engine, 
instead of introducing a wide gauge which has now had 
to be removed. 

The gradients upon the Great Western Hailway 
between London and Bristol are, with two exceptions, 
extremely favourable. 

Leaving Faddington the line rises very gradually for 
about 11 miles to near Hayes, thence there is a decline 
of one in 1,716 ; from West Drayton to Swindon there 
is a very gradual rise, but the gradients are only about 
1 in 1,320, 1 in 660 being the most severe. 

Near to Dauntsey, there is about 1^ miles of 1 in 
100. and through Box Tunnel the gradient is also I in 
100, these inclines in both cases being against the up 
trains. From Box to Bristol the line falls upon easy 
gradients. 

The rise of 1 in 100 through Box Tunnel has often 
been described as the hHe noire of engine drivers ; how- 
ever, it is not likely that they will be much troubled 
by engines " slipping " when the driving wheels 
carry 19 tons and are provided with a good supply 
of sand. 

These new engines speedily proved beyond question 
that the broad gauge was a mistake, and that whatever 
could be done upon the wide gauge could be equally 
well done upon the 4 ft. 8^ in. gauge. 

Messrs. Sharp, Stewart & Co., of the Atlas Works, 
Glasgow, in 1892 placed twenty new bogie express 
engines upon the Midland Railway, built from Mr. 
Johnson*s designs, Nos. 2,183 to 2,202; they have 
cylinders 18 J by 26, 7- feet driving wheels, 4 coupled, 
and a steam pressure of 160 lbs. per square inch ; 
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they are also provided with the apparatus for warm, 
ing the carriages by hot water, now adopted by the 
Midland ; and for working local passenger traffic upon 
the same line a number of "bogie'' tank engines 
have been built, having four coupled wheels of 5 feet 
3 inches, cylinders 18 by 24, and a pressure of 150 lbs. 

The Great Southern and Western Railway Company 
of Ireland owns the main line extending from the 
Kingsbridge station, Dublin, to Queenstown, the 
distance being 177^ miles ; and it is by this route 
that passengers and mails are conveyed to and from 
Queenstown in connection with the American liners. 

The gauge of the Irish railways is 6 ft. 3 ins. 

For many years past the Great Southern and Wes- 
tern Company has built all its engines and rolling 
«toek at its Inchicore Works, near Dublin. 

The express engines in 1896 had inside cylinders, a 
leading bogie, and four coupled wheels. 

ft. ins. 

Diameter of cylinders 18 

Length of stroke 24 

Diameter of coupled wheels 6 6 

Diameter of boiler • •• 4 3 

Length of boiler barrel 9 9 

Diameter of tubes (outside) . . . • . . If 

Length of tubes between tube plHtes . • . . 10 0/<. 

Length of fire-box 4 10 

Width of fire-box .'. 3 11 

Height of fire-box above grate 6 9 

Pressure of steam . . . . 150 lbs. per sq. fn. 
Knmber of tubes 204 

Heating surface of fire-box •• .• •• 112 8q. ft 
Heating surface of tubes .. •• •• 938 „ 

Total •. 1,060 M 

4rea of fire-grate •• .. «• 18} ^ 
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Weight of engine in working order — 

tons. owt. 

On bogle wheels •, • 13 11 

On driving wheels ,• ., ., ,. 12 17 

On trailing wheels 12 16 

Total .. ., ^39 4 
Weight of tender loaded .. •• ., 28 6 

Grand total •• .. 67 10 

The leading bogie is of the American swing-link 
pattern. The boiler and frame plates are of steel, and 
the motion plate is cast steel ; the two cylinders are 
cast together in one piece, and have the back covers and 
air passages for the vacuum brake oast in ; these pas- 
sages being in communication with the ejector, which 
is placed in the smoke-box, in front of the blast^pipe. 

The bearings of the small ends of the connecting- 
rods are iron^ case-hardened, working on a case- 
hardened pin, this being the universal system of " little 
end " in use on the line. The four eccentric sheaves 
are cast in two pieces and put on the axle with four 
bolts ; no keys are used, but a small dowel secures the 
correct position of the sheaves. 

The tender runs on six wheels, and carries 2,700 
gallons of water and four tons of coal. 

The actual working upon the American mail and 
express trains between Dublin and Queenstown is as 
follows :— 

On weekdays the mail starts from Dublin at 7.40 
A.M., and arrives at Queenstown at 12.15 p.m. The 
time on the journey of 177^ miles is, therefore, 4 hours 
35 minutes, of which, however, 18 minutes are allowed 
at stations ; the average speed, including stoppages, is 
therefore 42*16 miles an hour, which is found to mean 
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an average running speed of 45 to 50 miles an hour. 
On Sunday the mail is run at a somewhat higher speed. 
The average load is equal to 9^ six-wheeled coaches. 

tons. owt. 
Weight of engine and tender . . •• «• 67 10 
Weight of 9) coaches .. • •• •• 120 



Total weight of train .. ,. 187 10 

The consumption of South Wales steam coal is from 
24 lb. to 26 lb. per mile with this load. The weight of 
train frequently exceeds this average, and the engines 
are capable of working fifteen to eighteen vehicles 
without difficulty. 

The gradients are not considered severe, with the ex- 
ception of the incline at Cork of 1 in 60, and at Dublin 
of 1 in 85. There are, however, several short lengths 
of 1 in 172, 180, 128, 140, and 151. 

The 75 class of engines for the Great North of 
Scotland Railway have been constructed by Messrs. 
R. Stephenson & Co., and are required to run 4,000 
miles consecutively without showing any defects in 
material or Workmanship, and they completed this 
mileage to the entire satisfaction of the Great Korth 
of Scotland Railway Company, 

The engines are eight-wheeled, there being two 
pairs of coupled wheels 6 ft. 6 J in. diameter and a four- 
wheeled bogie at the leading end, the bogie wheels 
being 3 ft. 9 J in. diameter. The engines have inside 
cylinders 18 in. in diameter and 26 in. stroke, the 
cylinders being cast together in one piece, the slide 
valves being placed on the top of the cylinders, and 
driven by a link motion and rocking levers. This is a 
very neat arrangement, designed by Mr. Manson, and 
has given every satisfaction. The engines are fitted 
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with balanced slide valves, also designed by Mr. Manson. 
The pressure on the back of the valve is relieved by a 
ring, which is held up to the casing door by a light 
tripod spring. 

This arrangement greatly reduces the wear and tear 
of the valves and gear, and since adopted on the Great 
North of Scotland Railway, engines have run 100,000 
train miles, the wear of the slide valves being only -^^ in. 

The bogie is provided with the ordinary swinging 
arrangement, which enables the engine to pass roimd 
curves with perfect steadiness. The main frames, 
which are of steel, are set in at the front end to give 
sufficient clearance for the bogie wheels. The wheels 
are of wrought iron, and the coupled wheels have the 
balance weights forged solid. 

The boiler barrel and fire-box casing are of best 
Yorkshire iron, the internal fire-box and tubes being 
of copper. There are 1,087 square feet of heating 
surface in the tubes, and 106 square feet in the fire- 
box, giving a total heating surface of 1,193 square 
feet. The grate surface is 18 square feet ; the fire-box 
is fitted with sixteen copper air tubes, 3 in. external 
diameter. No. 7 w.g. thick, in two rows of eight in 
front and back, for conducting streams of air into the 
fire-box. This arrangement has been successfully used 
on the Great North of Scotland Railway for upwards 
of thirty years. 

The tender is carried on eight wheels, the four hind 
wheels being connected to the main frame of the 
tender, and the four front wheels are connected to a 
bogie of the same design and construction as the 
engine bogie. The tank carries 3,000 gallons of water 
and about three tons of coal. The weight of the 



174 DBVELOPMENT OF THE LOOOMOnYE. 

tender when loa4ed with ooal and water is 36 tons. 
These tenders are remarkable as being the only ones 
running on a bogie in this country. 

The Great Eastern Railway Company has just placed 
upon its line some powerful six wheels coupled tank 
engines, designed by Mr. James Holden, to work the 
very heavy suburban passenger trafBc to and from 
Liverpool Street. In order to ascertain the work done, 
the author has ridden with some of the trains, and 
finds that the booked time from Liverpool Street to 
Enfield is 40 minutes, the distance lOf miles with 16 
stops. If each stop averages one minute, including 
stopping and starting, the actual running time is only 
24 minutes, equal to a speed. of 27 miles per hour. 
This, it must be remembered, includes no allowance for 
speed orders, stoppages or slowages due to adverse 
signals, &c. These trains average 16 carriages, with a 
gross load of 250 tons. 

The cylinders are 16^ inches diameter, the stroke 
22 inches, and the coupled wheels 4 feet diameter, 
the tractive force being therefore — 

»5±>i^»^i^ = 124-7 Ibe. 

Total heating iurface . . . . . . 959 sq. ft. 

Grate area 12*4 sq.ft. 

Weight of engine in working order — 

tons. cwt. qr. 

On the leading wheels 12 7 1 

„ driviDg „ 13 13 

„ trailing „ 13 19 3 

Total .. 40 
Capacity of tanks 1,000 gallons. 

These engines are working most satisfactorily, and 
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have considerably reduced the consumption of coal per 
mile. 

For shunting purposes, and for working small branch 
lines, tank engines are usually employed. 
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Fig. 88 illustrates a four-wheeled engine of the 
standard type manufactured by Messrs. Black, Haw- 
thorn and Co.y of Gateshead ; and Fig. 89 illustrates a 
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more powerful engine whicli runs on six wheels, built 
by the same firm. The dimensions are varied in 
accordance with the work required, but most generally 




the cylinders are about 15 inches diameter, and the 
stroke about 20 inches, the coupled wheels being 3 feet 
diameter. A small but at the same time a useful and 
very powerful engine is thus obtained. 



CHAPTER V. 

IMPORTANT DEVELOPMENTS. 

The Great Western Company's thirty engines, Nos. 
3,001 to 3,030, illustrated in Fig. 87, p. 167, were 
gradually sent to the Swindon works to have a four- 
wheel leading bogie placed in front, to supersede the pair 
of leading wheels, and at the same time the cylinders 
were reduced from 20 inches to 19 inches diameter. 

Mr. Dean also designed and constructed at Swin- 
don the "Achilles '' class, of which there are thirty 
examples. No. 3,031 being the first (Fig. 90). The 
dimensions are as follows : — 

Diameter of cjlinders .. •• •• 19 in. 

Length of stroke . . 24 in. 

Diameter of driving wheels . • • • 7 ft. 8 in. 

Heating surface of tubes 1,434 sc^ ft. 

,f 9, ,, fire-box ,. ,. 127 „ „ 



Total .. .. 1,561 



Area of fire-grate 
Boiler pressure 
Weight on driving wheels 
Total weight of engine 
„ „ „ tender 



20-8 sq. ft. 

160 lbs. per sq. in. 

18 tons. 

49 „ 

32 tons 10 cwts. 



Grand total in working order • • 81 tons 10 cwts. 

These engines are giving very satisfactory results 
upon the heaviest and fastest main line trains between 
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London, Bristol, and Newton Abbot, and their coal 
consumption is found to be between 31 and 33 lbs. per 
mile with these trains. 

Mr. Dean, in 1894, placed the ^* Armstrong '' class 
upon the Oreat Western Bail way (Fig. 91). 

Diameter of oylinden .. • 20 in. 

Length of stroke •« 26 „ 

Diameter of oonpled wheels 7 ft. 

The tractive force exerted for each pound of effective 

steam pressure per square inch in the cylinders being 

thus: 

20 X 20 X 26 ,^««„ 
^ = 123-8 lbs. 

The valves are placed under the cylinders and are 
worked by link motion. The steam pressure being 
160 lbs. per square inch, and the weight available for 
adhesion, 31 tons 10 cwt., it follows that the engines 
are capable of performing fast and very heavy work. 

The boiler has 1,561 square feet of heating surface, 
and is the same design as that used in the '^ Achilles " 
type. 

The weight in working order of No. 7 is thus : — 

On first bogie wheels . . • , . . 9 tons 13 owts. 

ff seoond bogie wheels .. •. 9 ,, 13 », 

„ driving wheels .. .. •. 15 ^ 18 „ 

ff trailing wheels .. •• .. lo „ 12 „ 

Total 60 tons 16 cwts. 

Weight of tender .. .. 32 „ 10 „ 

Grand total .. •• .. 83 tons 6 owts. 

A comparison of Figs. 90 and 91 will show that the 
two types are very similar, but with the important 
exception that the latter are '* coupled '^ engines, and 
have larger cylinders. 
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For working the West of England expresses over 
the heavy gradients in the Cornwall distriot, Mr. 
Dean has recently constructed some powerful coupled 
bogie engines, with small driving wheels of 5 fb. 8 in. 
diameter ; this class is similar to *' Pendennis Castle/' 
Ko. 3,253, and is giving very good results. The 
American extension front, or smoke-box, is found very 
satisfactory in preventing the throwing of sparks. 

The 1620 type of express engines upon the North- 
Eastem Railway, designed by Mr. Wilson Worsdell, 
are doing some remarkably good work. They have 
cylinders 19 by 26 ins., four coupled wheels 7 feet 
diameter, a leading bogie, boiler pressure 180 lbs, per 
square inch, and piston valves. 

At a brake trial which the Author attended, in 1895, 
one of these engines. No. 1,621, worked the trial train, 
which consisted of no less than thirty six-wheeled 
coaches, and during the recent ''race to Aberdeen '^ 
No. 1,621 ran from York to Newcastle, 80^ miles, in 
79 minutes; and No. 1,620 ran from Newcastle to 
Edinburgh, 124^ miles, at an average speed of 66 miles 
an hour throughout. 

All Mr. Worsdell's engines continue to be provided 
with a comfortable ''cab,'' and it is a matter for 
regret that these are not yet being adopted for en- 
gines on other lines. 

The Glasgow and South- Western express engines— 
as shown in Fig. 69, p. 122 — ^had no dome on the 
boiler ; the Company has now improved the efficiency 
of its engines by adopting the use of a steam dome. 

The Midland Railway Company, at the Derby works 
has continued to build " Single " express engines very 
similar to but larger than that shown, Fig. 84 (p. 161), 
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as well as coupled engines, with wheels of 6 feet 
9 inches and also 7 feet diameter for the most severe 
gradients. 

At Crewe, the London and North-Western has con- 
structed more engines of the " Greater Britain " design 
(Fig. 86, p. 165). lliis Company's engines have for 
many years been constructed with a leading pair of 
wheels, and radial axle boxes, but at the present time 
the subject is engaging attention, and the investigation 
will probably lead to a change, as there can be 
no question that a four-wheeled leading bogie is far 
more safe and efficient than any system of radial axle. 

In the previous edition of this work, the dimensions 
were given of the large " Winby '* engine, specially 
designed for exhibition at Chicago in 1893, which 
naturally engaged much attention in America. When 
put into regular working, however, it failed to supply 
sufficient steam to its four cylinders, and for many 
vears it was rusting on a siding at Milwaukee. 
This result shows that it was very unwise to send the 
"James Toleman" to America, quite new, without 
any experiments being first made in this country. 

Messrs. Sharp, Stewart & Co. in 1894 completed an 
order for twenty-six bogie passenger engines for the 
Midland and Great Northern Joint Railway, which in 
construction are very similar to the Midland coupled 
engines, but in external appearance they are distin- 
guished by being painted yellow. They were designed 
by Mr. S. W. Johnson, and have cylinders 18J inches X 
26 inches, and four coupled wheels of 6 feet 6 inches 
diameter^ and are doing very good work between Lynn, 
Cromer, and Yarmouth. These engines form one of the 
very few instances of locomotives being the joint pro- 
perty of two companies. 
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The latest construction of tank engine for working 
through the Mersey Tunnel has outside cylinders 19^ 
inches X 26 inches, and 6 coupled wheels of 4 feet 
7 inches diameter, and also a small pair of wheels with 
radial axle boxes at each end of the engine. 

The heavy passenger traffic on the North London 
Bailway is worked by tank engines having a leading 
bogie, four coupled wheels, and outside cylinders ; the 
No. 72 type designed by Mr. Pryce have cylinders 
17^ inches X 24 inches, coupled wheels 6 feet 5 inches, 
and a total weight in working order of 46 tons. 

The new engines for working the very heavy summer 
coast traffic on the Cambrian Railways have been 
designed by Mr. Aston, locomotive superintendent, 
and were constructed by Messrs. Sharp, Stewart & Go. 
They have a leading bogie, and four coupled wheels 
of 6 feet diameter, the cylinders being 18 inches X 
24 inches. The gradients between Whitchurch and 
Aberystwith are very severe, and necessitate the use of 
comparatively small wheels. 

During the '*race to Aberdeen,'* the Caledonian 
coupled bogie engines designed by Mr. Drummond, 
and also by Mr. Lambie, have worked the West Coast 
trains with very marked success ; they have cylinders 
18 inches X 26 inches, and 6 feet 6 inches coupled 
wheels, the steam pressure being 150 lbs. 

The late Mr. P. Stirling, at Doncaster, in 1895 
built six more engines of his 8 feet design (Fig. 78, 
p. 138). 

The last of these have cylinders 19J in. x 28 in., 
and a boiler pressure of 175 lbs. The object in con- 
structing these engines of such great power was to avoid 




Fig. 92.— Bogie 



THE LATEST DESIGN OF BRIGHTON ENGINE. 188 

the use of a second engine on any train, and to provide 
power for any future race to Scotland, it being under- 
stood in 1895 that there woidd be a continuation of the 
" racing " in the summer of 1896. 

The Highland Railway Company introduced the use 
of what in America is known as the ten-wheeled engine, 
haying a leading bogey and six coupled wheels ; these 
engined are found to convey the heavy passenger 
summer traffic over the most severe gradients with 
great success. 

The London, Brighton, and South Coast Company 
in 1895 turned out at the Brighton works three new 
leading bogie express engines, built from the designs 
of Mr. R. J. Billinton, locomotive superintendent. They 
have cylinders 18 inches X 26 inches, coupled wheels 
of 6 feet 9 inches diameter, and a pressure of 160 lbs. 
(see Fig. 92). The business men who reside at 
Brighton are constantly asking for trains to and from 
London to perform the journey in an hour,^and the 
new engines would have no difficulty in doing the 
work. 

The Manchester, Sheffield, and Lincolnshire Com- 
pany has placed some large coupled bogie engines on 
its Une with 7 feet wheels and 170 lbs. pressure. They 
have been designed by Mr. Harry PoUitt. 

The Midland Company constructed ten very large 
'* single " engines for the Scotch traffic, the cylinders 
of which are 19J inches X 26 inches, wheels 7 feet 9J 
inches. No. 2601 is named " Princess of Wales.*' 



CHAPTER VL 

£iaHT-WHEELED COUPLED GOODS ENGINES. 

For some time past it has been apparent that, with 
increased working expenses, some important step will 
have to be taken in order to increase the receipts per 
mile, especially of mineral trains. 

Many of the railways are so crowded with passenger 
traffic that it is only by running coal trains at a high 
speed that they can be ** got along at all." Long 
lengths of goods lines have been within the past few 
years opened, and the question of increasing the length 
and reducing the speed of coal trains to London must 
yery soon be seriously considered. In order that coal 
traffic can be made to -properly " pay/' it should be 
conveyed in train loads of fifty waggons. 

Messrs. Sharp, Stewart & Oo., during the year 1889, 
placed two very powerful mineral engines upon the 
Barry Bailway, the working of which has been care- 
fully watched and proyes highly satisfactory. 

These engines run upon eight coupled wheels and 

have outside cylinders, and are of very considerable 

power. 

Diameter of oylinden . • . . • • 20 ins. 

Length of rtroke •• 26 „ 

Eight coupled wheel! •• «« •• 4 ft ' f» 
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Total wheel- base 15 ft. 5 int. 

The front axle has \ in. side play ; 
The hind axle has f in. side play ; and 
The driving wheels are without flanges. 

Total heating surface 1,410 sq. ft. 

Area of fire-grate 22*6 ,, 

Weight of engine in working order without 

tender 49 tons. 

From personal experience, the author can testify to 
the efficient manner in which these engines do their 
work, and it may be added that they are remarkably 
like the American well-known " Camel '* class which 
for years has done such good work in America. 

To Messrs. Sharp thus belongs the credit of intro* 
ducing in this country the eight coupled engine with 
outside cylinders, and to Mr. F. W. Webb, of Crewe, 
in 1892, belongs the credit of introducing another 
eight coupled design having inside cylinders. 

This new engine runs upon eight coupled wheels and 
has two inside cylinders. The boiler is of great length, 
being similar to that of " Greater Britain," illustrated 
Fig. 86, the tubes being divided into two lengths by a 
combustion chamber, those extending from the fire-box 
to the combustion chamber being 4 feet 10 inches long 
between tube plates, and those forming the front group 
being 8 feet 1 inch long between tube plates. The 
cylinders, which are inside, are 19i inches diameter by 
24 inches stroke, the valves being on the top and 
worked with Joy's gear. The springs on the first three 
pairs of wheels are connected together by equalising 
links, the trailing pair having an ordinary cross spring. 
The leading and trailing wheels have i inch side play, 
which gives greater facility for running round curves. 
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Below are giveu a few leading particulars : — 

Oylinden — 10} in. diameter bj 24 in. stroke. 

ft. ia. 

Diameter of wheels with 3-in. tiree . • . • 4 6| 

Diatanoe between centres of wheels •• •• 6 9 

Total wheel base 17 3 

Boiler- 
Length of barrel 15 6 

,, fire-box casing •• •• 6 10 

Diameter of barrel (mean) •• •• 4 8 

Number of tabes — 166 

Diameter of tubes •• •• •• 2| 

Pk«ssure of steam • • 160 lbs. per sq. in. 

fteating snrfSftoe— 

Fire-box 114-7 

Oombustion chamber .. •• 39*1 

Tubes (front) 683 

Tubes (back) 408-6 



Total •• ..1,246-3 sq.ft. 

rea to heating sui 
Weight of engine in working order — 



Orate area 20-6 sq. ft 

Batio of fire-grate area to heating sur&oe 1 to 60-6 



Tons. ewts. qn. 

Leading wheels 11 13 

Driving „ 12 14 

Intermediate,, .. •• •• 11 13 

Trailing „ 10 16 3 

Total .. .. 46 16 S 

Weight of tender in working order, 26 tons. 

The tractive co-efficient is 172. The leading and 
trailing wheels have a certain amount of side play, 
so as to giye greater fitcility for running round 
curves^ though the total wheel base is not more than 
other engines which have not the same side play. 
The coupling*rod from wheel to wheel is complete in 
itself^ and all of them are so arranged as to be inter- 
changeable. The driving-axle has two bearings as 
usualy nine inches long^ and in addition a central 
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frame and central bearing to withstand the great stress 
placed upon it. The total bearing surface for the 
driving-axle is 23i square inches. 

Engines with eight coupled wheels are^ of course^ 
very common in America, but Mr. WebVs new design 
is the first eight coupled with inside cylinders that has 
been built in this country, certainly during the past 
sixty years. The first of these powerful mineral 
engines is giving the greatest satisfaction on the 
London and North-Western Railway, and there is 
every reason to believe that it will continue to do so, 
as it has large cylinders, high steam pressure, and is 
non-compound. Mr. Webb has built other engines 
of the same pattern, but compound, in order to test 
the two designs in daily traffic. Both have given good 
results with trains of sixty waggons of coal. 



CHAPTER Vn. 

NOTES ON AHERIOAN ENGINES. 

The Exhibition at Chicago in 1893 not only formed 
the greatest collection of locomotives which had ever 
been made, but included examples of engines from 
wl\ich English engineers might learn some useful 
lessons. It will long be remembered in locomotiye his- 
tory on account of the very complete record — forming 
an exhibit as remarkable for its vast extent as for the 
interest of its details — which was placed in the Trans- 
portation Department of the Exhibition, showing the 
history and development of the locomotive, step by 
step, in every country in the world. Numerous 
modern engines were there as parts of the exhibit, 
while older and disused forms of the locomotive were 
represented either by full-sized models or by diagrams, 
of which there were a very great number. Some idea 
may be formed of the number of these diagrams when 
it is mentioned that the author, acting simply as a re- 
presentative for Great Britain, was able to forward a 
collection of over one thousand photographs, working 
drawings, or other illustrations of engines constructed 
for railways in this country. 

One interesting relic in the Exhibition was the 
old engine named ''Stevens" when constructed, but 



ENGINES AT CHICAGO EXHIBITION. 



189 



re-named "John !3ull " immediately upon its arrival 
in America — which as long ago as 1831 was built by 
R. Stephenson & Co., of Newcastle-upon-Tyne, and 
forwarded to the Camden and Amboy Eailroad. This 
old engine (Fig. 93) has been so well preserved that 
at the commencement of the Exhibition it ran in steam 
with its train from New York to Chicago, a distance 
of 913 nules. 

Turning now to the engines in daily use in the 
United States, the first thing to strike the mind of 




Fig. 93.— Stevens ( " John BuU ") as at Chicago Exhibition, 1893. 



an Englishman is the immense size of the American 
engines, the great height to the top of the chimney, 
the height of the centre line of the boiler, and the 
diameter of the boiler, and the high pressure carried, 
usually 180 lbs. per square inch. 

The standard American passenger engine has a lead- 
ing bogie, four coupled wheels, outside cylinders, 
and the usual bar-framing — this is known as the 
'* American Type," and is very clearly illustrated by 
the celebrated "999*' (Nine-ninety-nine), Fig. 94. 
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No. " 999 *' is one of the class designed by Mr. 
Buchanan, Locomotive Superintendent of the New 
York Central, and constructed at the West Albany 
shops of the Company for working the Empire State 
Express traffic, and the author is indebted to the offi- 
cials for the photograph from which Fig. 94 is 
engraved, and also for the following details :•— * 

No. 999. 

Gylindera 19 in. X 24 in. 

Diameter of driying-wheels outside of 

tires 7 ft. 2 in. 

Diameter of engine track wheels . . 40 in. 

Springs, lengui of driver, oentre to 

centre of hangers . . • . • . 44 in. 

Total length of boiler 26 ft. X 4| in. 

Diameter of first ring outside . • • • 58 in. 

Size of fire-box 108f in. X 40| in. 

Tubes, 268 2 in. dia., 12 ft. long. 

Heating surface in tubes . . . . 1,697*45 sq. ft. 

„ „ ' fire-box ., ., 232-92 sq. ft. 

Total heating surface 1,930-37 sq. ft. 

Grate surface 30*7 sq. ft. 

Stadc, inside diameter 15^ in. 

Weight in working order •• •• 124,000 lbs. 

Weight on drivers 84,000 lbs. 

Drivmg-wheel base •• • . . . 8 ft. 6 in. 

Weight of tender loaded .. .. 80,000 lbs. 

Totfd weight of engine and tender . . 204,000 lbs. 

Total len^ of engine 39 ft. 6f in. 

Extreme height from rails to top of 

stack 14 ft. 10 in. 

From rails to oentre line of boiler . . 8 ft. 11^ in. 

Boiler pressure 180 lbs. per sq. in. 



The engine is fitted with the Westinghouse auto- 
matic quick-acting brake^ and has brake blocks applied 
to every wheels including the leading bogie. 

For a long distance journey it is interesting to note 
the working of the Empire State express on the New 
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York Central road, which leaves New York at 8.30 a.m., 
and arriyes at Buffalo at 5.10 p.m. — a distance of 440 
miles in eight hours and forty minutes, including four 
stoppages. The same train makes the long run with- 
out a stop of 143 miles. Although extremely heavy, 
and requiring some very hard locomotive work, it was 
found by the author to keep most perfect time, cover- 
ing many miles in exactly forty-four seconds each, and 
a speed of over eighty miles an hour was maintained 
for ten and twelve miles together, and the engine was 
not being forced to the top of its speed. 

On the 11th September, 1895, in consequence of 
the fast running in England, a special express ran as 
follows : — 

TncB ov THB Rxnr ooxpilbd fboh ths Minxttbs of thb Oitioiax 
Tdcsesbpbbs, Mbssbs. Angus Sinolaxb, Psofbssob P. H. 
Dtjdlst, and a. G. Leonabd. 

New York to Albany, 

h. m. «. 

Left New York, Grand Central Station. . 5 40 30 A.v. 

Arrived at Albanj 7 54 55 ,, 

143 miles in 134 min. 25 sec. — 63*83 miles per hour. Stopped at 
Albany, changing engines, 1 min. 36 sec. 

Albany to 8yracut$, 

Left Albany 7 56 45 a.v. 

Arrived at byracnse 20 17 10 „ 

148 miles in 140 min. 25 sec. — 63*23 miles per hour. Stopped at 
Syraoose, changing engines, 2 min. 25 sec. 

Syracuse to JBaet Buffalo, 

h. m. ■. 

Left Syracuse • •• 10 19 35 A.ic. 

Arrived at East Buffalo 12 32 26 p.x. 

145} miles in 132 min. 51 sec. — 65*51 miles per hour. 

436} miles in 411 min. 41 sec., including two stops, 4 min. — 63*61 
idles per hour. 

436| miles in 407 min. 41 sec., exclusive of stops— 64*24 miles 
per hour. 
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The train was made up of four cars, weighed 
361,000 lbs. (including passengers and supplies), and 
had a carrying capacity of 218 passengers. Includiog 
the engine and tender, the train was 337 ft. long, and 
weighed 565,000 lbs. The engines used on this 
run were : New York to Albany, No. 870 ; Albany 
to Syracuse, No. 999; Syracuse to East Buffalo, 
No. 903. 

When in America in 1893 the Author rode upon 
engines of the Philadelphia and Beading Eailroad, 
built at the celebrated Baldwin Works. They are 
known as the " Double-ender type," from the fact that 
they have a pair of small wheels at each end of the 
frame ; they are of the four-cylinder compound prin- 
ciple of Mr. Vauclain of the Baldwin Works, the high 
and low pressure cylinders being placed in pairs on 
each side of the engine, which is a very great advan- 
tage over the three-cylinder pattern of engine. 

Atlantic City is, of course, as all the world knows, 
the seaside resort more especially of the inhabitants of 
Philadelphia, and is 55^ miles distant from the Camden 
station of that city, and vast numbers of business men 
require to travel daily to Philadelphia and back. For 
their accommodation an express train leaves Atlantic 
City at 7.45 a.m., and is due at Camden in exactly an 
hour, and to return at 4.10 p.m., arriving back at the 
seaside at 5.10 p.m. 

To start and stop, run 55^ miles in one hour, and 
convey loads of either seven, eight, or nine heavy 
American oars completely filled with passengers is a 
kind of locomotive work not to be found in England ; 
yet when riding on the engines the author timed ten 
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miles together at a speed of eighty miles an hour^ and 
a few miles at 81*8 in the hour. 

Ordinary passenger trains in our own country do not 
require the construolion of engines with more than four 
coupled wheels. HowBTer, the steepness of gradient 
oyer many sections of American lines, together with 
the immense weight of train, renders it necessary to 
employ for some passenger trains yast engines having 
a four-wheeled leading bogie and six coupled wheels of 
6 feet diameter. This being a development of locomo- 
tive power which the Author had not previously been 
able to personally examine, it naturally engaged his 
careful attention, and he was glad to have the oppor- 
tunity, when visiting the celebrated Baldwin Works, 
of observing several of the engines in course of con- 
struction. He was able also to watch their working 
when travelling on the foot-plate. 

When visiting the shops of the Pennsylvania Kail- 
road at Altoona, in 1893, the Author witnessed the 
oomuiencement of six large express engines known as 
desigu P, No. 1,659 class. They have a leading bogie, 
four coupled wheels of 6 feet 6 inches in diameter, 
cylinders 19 inches X 24 inches (placed outside), and a 
boiler pressure of 175 lbs. per square inch. The boiler 
is no less than 4 feet 9 inches in diameter, and the 
height of the engine from the rail to top of chimney 
is 15 feet. 

Since that time still larger engines have been built 
with 7-feet wheels and 180 lbs. pressure. It is not 
surprising to learn that engines of such size and power 
are working the Pennsylvania Company's heaviest and 
fastest trains between New York, Philadelphia, and 
Pittsburg with great success. 
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The latest American design is No. 385, Philadelphia 
and Reading Bailroad, built at the Baldwin Works^ 
Fig. 96. 

The engine is a ** Vauclain *' four-cylinder com- 
pound, having a "single" pair of 7-feet driving 
wheels. Diameter of high-pressure cylinders, 13 in. ; 
diameter of low-pressure cylinders, 22 in. ; stroke of 
both pistons, 26 in. Working pressure of steam, 200 
lb. per square inch. The weight on the driving wheels 
is about 24 tons. 

With trains of 430 tons this engine has run a mile 
in forty-five seconds,^ and with a lighter load a speed of 
C7ighty-five miles an hour has been attained. The 
height of the engine from the rail to the top of the 
chimney is 15 feet. 

The line between Philadelphia and Jersey City is 
now laid with rails of 90 and 100 lb. to the yard, and 
most of them are 60 feet in length. With such a good 
road there is, of course, no objection to the great 
weights being now placed on single-drivers, which a 
few years ago would have broken up the track. 

From an official report lately received it is shown 
that the engine No. 385 was finished at the celebrated 
Baldwin Works on the 3rd of July last, and on the 
next day it ran an experimental trip to Reading, a 
distance of sixty miles, and return, the train being a 
light one. As everything appeared to be running cool 
and smoothly, the engine was immediately put into the 
fastest express service, and on 5th July ran the Eoyal 
Blue Line trains, Philadelphia to Jersey City, New 
York, a distance of ninety miles. From that day to 
the present the engine has not missed a trip. She 
bums four tons (2,000 lbs. to the ton) of small 
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anthracite coal, which costs about 2s. 8|d. per ton at 
the pits. 

An official report recently received states that engine 
No. 385 has a total mileage to March 31st, 1896, of 
41,532 miles. Fuel consumed, anthracite buckwheat 
coal, 1423 tons. Weight of train east-bound, 346,800 
lbs. ; weight of train west-bound, 290,550 lbs. While 
the average speed of this train is about 48 miles per 
hour, we have the greater part of this distance main- 
tained at a speed greater than 60 miles an hour. 

Another engine of the same design, No. 378, has 
been constructed at the Baldwin Works for the same 
Company, and is now in service. 

In concluding this chapter the Author may remark 
that it is almost certain his readers will wish for an 
answer to the question : " How is it, or what is the 
reason, that these American engines can do the work and 
convey the loads which they do P '* He can, in reply, 
from his own experience of riding upon the foot-plates 
for about a thousand miles, express the opinion that 
the successful working of the American engines is due 
to the large fire-boxes, immense boilers, high pressure 
of steam, and large valves, and consequently free 
exhaust ; and it is, in his opinion, to be hoped that 
English engineers will in their new designs do their 
best to incorporate these good features in the locomo- 
tives of this country. 



CHAPTER YIII. 

mrORTANT LINKS IN LOCOMOTIVE HISTORT. 

Ab already mentioned in previous chapters, the Chicago 
Exhibition of 1893, followed by recent discussions in 
the engineering and mechanical journals, have brought 
to light many important links in locomotive history 
which were forgotten, and have finally settled a number 
of points which for years past have been regarded as 
doubtful. 

It is not proposed to discuss the subjects here, in 
the small space available, but simply to record matters 
of importance. 

The invention of the " bogie," for instance, has been 
investigated, and it is found that in the year 1816 
" Puffing Billy ** ran on two four-wheeled bogies as 
shown in Fig. 8 (p. 17). In August, 1832, Mr. John 
B. Jervis, the engineer of the Mohawk and Hudson 
Eailroad, had an engine built in America for that line, 
named " Experiment.*' It had a regular " four-wheeled " 
leading bogie placed under the smoke-box, and a single 
pair of driving wheels placed at the trailing end, and 
was without doubt the forerunner of all the bogie 
passenger engines of to-day. 

The " bar-framing," which is generally used in the 
TJnited States, has by some persons been considered as 
an American invention, and others have considered 
that it was introduced by Bury. The Delaware and 
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Hudson Canal Company's diagram, shown afc tho 
Chicago Exhibition, proved that the " bar-frame " was 
sent to America early in the year 1828, by Stephenson 
and Co., of Newcastle, as illustrated. Fig. 14 of this 
volume. 

The question. Which was the first inside cylinder 
engine P is another point which has been fully investi- 
gated, and Mr. James Dredge, in his splendid book, 
** Transportation Exhibits at Chicago," states that "the 
* Planet ' of 1830 has the undoubted honour of being 
the first inside cylinder engine.'* This completely 
confirms the opinion 6f the Author already expressed 
in this volume (p. 38). 

The descendants of Mr. Edward Bury, of Liverpool, 
have produced books and drawings which make the 
history of the engines built by that firm very clear. 
Tho first engine built by him at Clarence Foundry was 
an outside cylinder engine, the "Dreadnaught," which 
was completed March, 1830, but proved a failure. 
However, he lost no time, but with the assistance of 
his foreman, Mr. Kennedy, got out working drawings 
for a new engine to be named the " Liverpool." This 
engine. No. 2 in the locomotive order book, and "Class 
A** in the description book, was commenced early in 
January, 1831 ; it was completed in March of that 
year ; and in May, 1831, it was put to work on the 
Petersburg Eailroad of America. It is illustrated in 
Fig. 96 It had four coupled wheels of 4 ft. 6 in. 
diameter. 

The third engine built by Mr. Bury — the " Liver " 
(No. 3 in the order book, and " B '* in the description 
book) — was for working passenger traffic upon the 
Liverpool and Manchester Railway. It had a single 
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pair of driving wheels 5 ft. in diameter. It was put 
to work at Edge Hill in February, 1832, and in the 




Fig. 96. — Bury's first Inside-cylinder Engine, ** Liverpool," 
completed March, 1831 ; sent to America. 

forty- three weeks in the year 1832 it ran 22,651 miles, 
followed by 23,134 miles in the year 1833. The 
official drawing of this engine is reproduced in 
Fig. 97. 

There is no doubt that the "link motion" was a 




Fig. 97. — Bury's first Passenger Engine, " liver," completed 
February, 1832. Liverpool and Manchester Railway. 

separate invention in England in 1842, and that (as 
stated at p. 88) it was introduced by William Howe, and 
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fitted to the North Midland Company's engine, No. 71. 
On the other hand, it is now equally certain that the 
" James," designed and built by W. T. James, of New 
York, was the first locomotive in the world fitted with 
the link motion. It had a vertical boiler, four wheels 
(not coupled), and inclined cylinders driving a spur 
wheel shaft directly above the driving axle, and was 
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Fig. 98— '* Vulcan," 1837. Charles Tayleur & Co. 
Great Western Railway, No. 2. 

constructed in 1832, or ten years before the English 
invention. 

Very considerable attention has recently been given 
in the mechanical journals to the early history of the 
Great Western Company's broad gauge engines, and 
it is a fortunate circumstance that this Company 
possesses a most complete record of details and draw- 
ings. Tb<^ official list of the first twenty engines is 
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reproduced in a folding sheet facing p. 73, and the 
" North Star" is illustrated, Fig. 44. 

The old official working drawings of the other 
engines have lately been published in the Engineer^ 
and by the courtesy of the editor of that journal are 
reproduced here. 

The " Vulcan " (Fig. 98) was from the works of Chas. 




Fig. 99.—" Premier,** 183S. Built by Mather, Dixon & Co. 
Great Western Railway, No. 6. 



Tayleur and Co., of the Vulcan Foundry, and may be 
taken as representing the six engines built for the 
Great Western Railway Company by this firm. 

The "Premier** was built by Mather, Dixon, and 
Co., and had driving-wheels of 7 feet diameter (see 
Fig. 99). 

The " Lion " and its two fellow engines were very 
similar in ' design and construction to " Sharp's 
Standard," already shown in Fig. 43. 
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Fig. 100 -«« Lion,'» 1838. Sharp, Roberta & Co. 
Great Western Railway, No. 7. 
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Fig. 101.— '* Snake." Haigh Foundry Co., 1838. 
Great Western Railway, No. 13. 
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Two engines, the "Snake'* and the "Viper/* were 
constructed by the Haigh Foundry Company. They 
were ordinary engines, and constructed to the firm's 
standard patterns. They also had the makers' well-known 
" Haigh Foundry valre gear." (See Figs. 100, 101.) 

The " Ajax " (Fig. 102) was built by Mather, Dixon 
& Co., and had driving wheels of 8 feet diameter, but they 
were of the very peculiar construction shown in Fig. 103. 




Fig. 102.—" Aiax," 1838. Mather, Dixon & Co. 
Great Western Railway, No. 15. 

These wheels had no spokes whatever, but consisted 
of two discs of iron plate stayed together in a manner 
very similar to the staying of a fire-box. 

Then followed two extraordinary engines constructed 
upon the patent of Mr. T. E. Harrison, which have 
been already described at page 76. One of them, the 
"Hurricane," is illustrated in Fig. 46. They both 
proved failures, and they neither of them ever worked 
a regular train. (See also list facing p. 73.) 
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Attention has been directed in the newspapers to 
the engines having 10 feet wheels, and also to those 
" geared up/' Investigation has proved that the 
" Thunderer '* was the only " geared " engine, and 
that the " Hurricane " was the onli/ one on the Great 
Western with 10 feet wheels. This latter engine was 
altered several times, and was known also as ** Grass- 
hopper*' and "Ajax," which fully accounts for the 
incorrect report that three engines — "Hurricane," 
" Grasshopper," and "Ajax"-all had 10 feet wheels, 
the fact being that it was one and the same engine 
(see Fig. 46, page 76). 

A comparison of Figs. Nos. 46 and 104 will show 
that the boilers of the " Thunderer '* and " Hurricane " 
were similar, but that the engines were of very dif- 
ferent construction. 

In 1840, the first of the broad gauge 7-feet driving- 
wheel engines, built to the designs of Mr. Gooch, 
were delivered to the company, and during 1840, 
1841, and 1842 no less than 62 engines of this design. 
Fig. 106, were constructed. Messrs. Sharp, Roberts, 
& Co. supplied 10 ; Fenton, Murray, & Jackson 20 ; 
Longridge & Co. 6; Nasmyth & Co. 16; Slaughter 

6 Co. 2; Jones, Turner, & Evans 6; and Messrs. 
Rennie & Co. 2. The dimensions were, driving-wheels 

7 feet, cylinders 16 by 18, weight in working order 
24 tons 4 cwts. 

Fig. 106 illustrates an engine of the Great Western 
Company's, the " Leopard," which was built in 1840, 
and exploded in 1867. It should, however, be men- 
tioned that the accident was not due to any defect in 
the boiler, but to the safety-valve, from some cause, 
allowing too high a pressure. The illustration is of 




j-n for the Great Western Railway, 1838. 

; [To face p. 206. 
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interest as showing the pattern of framiDg and high 
dome fire-box casing which was used in 1840. 

Between the years 1847 and 1865 Mr. Gooch placed 
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twenty-nine engines of the eight-wheeled type upon 
the line, the names of which are given in the list 
on page 96, and the design whereof is clearly shown 
in Fig. 107. 

The first engine of the type was named the " Iron 
Duke/' built at Swindon, April, 1847, but the " Lord 
of the Isles," sent to the Exhibition of 1851, became so 




Fig. 106.—** Leopard," from a photograph taken after an explosion 
in 1857. 



well known, that the general public, to a considerable 
extent, speak of the class as the ** Lord of the Isles 
type." 

At the time when the broad gauge was finally 
abandoned, in 1892, many of the newspapers made 
reference to the " fine old engines which had run over 
40 years." This was known to be an error, as the 



EARLY GREAT WESTERN ENGINES. 



209 



Company had built entirely new engines to take tlie 
place of the originals. For instance, the " Great 
Western" was built in 1846 as a six- wheeled engine, 




but was converted to eight wheels, and ran in that 
state until 1870 (see Fig. 54, p. 95). An entirely new 
" Great Western " was built in 1888, and ran until 

p 
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23rd May, 1892. This fact was conclusively proved 
at the Chicago Exhibition, as the two official drawings 
— one of 1846, and the other of 1888 — ^were framed 
and placed side by side : and in a similar way many 
other engines, which have been regarded as old, were 
perfectly new, and simply bore the name of the former 
engines. 

In July, 1846, the London and Birmingham Rail- 
way Oompany ceased to exist, and the new London and 
North Western Company's directors ordered that 
Bury's four-wheeled engines were not to be employed 
on iiie express trains between London and Bugby and 
Birmingham, and that a number of six or eight- 
wheeled engines should be immediately constructed 
for their line. 

Mr. Bury held the strongest views in favour of his 
four-wheeled engines, and firmly refused to carry out 
the orders of the directors Twenty-four hours settled 
the question. Mr. Bury had to "go,** and Mr. 
McConnell was brought from Bromsgrove, and in- 
stalled as Locomotive Superintendent of the Southern 
Division of the London and North Western Bail way at 
Wolverton Works, towards the close of the year 1846, 
Acting under the instructions of the directors he 
ordered locomotives from a number of the leading 
makers;- each maker to supply his own best design 
of engines, and Wolverton Works was fully occupied 
in converting Bury's engines and adding an extra pair 
of wheels behind the fire-box. 

Very soon Mr. McConnell had under his control 
the well-known engines by Sharp, E. B. Wilson, Haw- 
thorn, Haigh Foundry Company, Tayleur of Vulcan 
Foundry, and Stephenson's long boiler engines of two 
patterns, namely, six wheels and eight wheels. 



L. AND N. W. R. — SOUTHBRN DIVISION. 211 

In practice it was soon found tliat all these various 
designs were inconvenient^ as the parts were not inter- 
changeable^ and engines were often obliged to stand in 
the sheds for days or weeks out of service, pending some 
particular part being obtained from the makers^ At 
the close of the year 1848 the directors decided that 
in future all engines required for the Southern Divi- 
sion should be built to the designs and dimensions of 
the Oompany, and Mr. McOonnell was instructed to 
get out complete sets of drawings for " standard " en- 
gines, namely, two sizes of passenger engines, and one 
goods engine. Mr. McOonnell found that the two 
engines which he had previously altered for the Bir- 
mingham and Gloucester Railway gave very excellent 
results; he therefore decided that Southern Division 
passenger engines should be upon that model. The 
first engine of the class was built at Wolvertou, it was 
completed in December, 1849, but does not appear to 
have actually been put in service till January, 1850. 
This was the first of the " Bloomer '' type to which 
reference has been made, page 105. It had cylinders 
15 inches by 22 inches, and a single pair of driving- 
wheels 6 feet 6 inches in diameter, an inside frame and 
inside bearings only ; the top of the chimney was copper, 
the dome-cover, safety-valve cover, and rim round the 
driving-wheel splasher of polished brass. The engine 
and tender were painted green ; it was the forerunner 
of a large number of the class, and proved so satis- 
factory that orders were given to Messrs. Sharp for 
ten. Nob. 247 to 256. They had driving-wheels 7 feet 
diameter, and cylinders 16 inches by 22 inches. They 
commenced work in 1851. 

In May, 1848, an important series of experiments 
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took place on the Midland Railway between Derby and 
Masborough, between two oi Wilson's engines, Nos. 
26 and 27, wbicb in every respect were similar to Fig. 
108, and two of Sharp's engines, Nos. 60 and 61, Fig. 
109. 

The diagram, Fig. 109, is taken from a drawing 




Fig. 109.— Midland Railway. No. 60, built April, 1848, by 
Sharp Brothers (for details see p. 103). 



made by the author, when an engineering pupil, and 
shortly before the engine was broken up in 1870. 

Mr. McConnell, having carefully examined all the 
locomotives at the Exhibition of 1851, early in 1852 
considered that a larger engine was required on the 
Southern Division of the London and North Western, 
and he designed a class having double frames, driving 
wheels 7 feet 6 inches diameter, cylinders 18 inches by 
24 inches. The first of these. No. 300, was placed on 
the line in November, 1852, having been constructed 
by Fairbairn & Sons. This engine is illustrated. Fig. 
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112, being a reproduction from the only drawing of 
this engine known to exist, and the presence of the 
men considerably disfigure it. 

The brass plate on &e side of the hand-rail bore the 
words: — 

L. & N. W. EAILWAT, 

WOLVERTON. 

300, 

MoCONNELKS PATENT. 

]CANX7ri.0TUBED BT 

W. FAIEBAIBN ft SONS, Manohbstbb, Not., 1852. 

This engine had McConneirs patent fire-box and 
boiler, which consisted of a mid-feather in the fire-box, 
a combustion chamber, a superheating vessel in the 
smoke-box through which steam passed from the boiler 
to the cylinders, and india-rubber springs ; the tender 
also had an outside frame and india-rubber springs. 

The question will be asked, how it was that Mr. 
McOonnell, who was always such a strong advocate of 
the inside frame and inside bearings, should have 
designed the 300 class with double frames. There is 
no official information to supply the answer, but it has 
been generally understood that he employed the out- 
side frame at the wish of the locomotive committee, 
who appeared to regard four bearings for large wheels 
as safer than two. 

Upon page 107 of this volume details are given of the 
large eight-wheeled engine. No. 215 (shown in Fig. 
114), designed by Mr. Sturrock, for the Great Northern 
Railway. When new this engine worked very unsatis- 
factorily, as it could not pass round curves easily ; the 
four front wheels were taken oat and placed in a 
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" bogie/' and it ran till 1870, but no other engine of 
the same pattern was ever tried. 

The McConnell engine, No. 373, Fig. 115, had 
Krupp's steel axles and steel tyres. The pistons were 
of solid wrought iron, with two small brass packing- 
rings, kept tight by the pressure of steam admitted 




Fig. 114. — Great Northern Railway, No. 216. As built by 
Hawthorn & Co., Augnst, 1853. 

behind them. The boiler was supplied by a pair of 
GifEard's injectors. This engine had McConneirs 
patent fire-box and boiler, and was provided with air 
tubes through the front and sides of the fire-box to 
assist in the combustion of smoke ; it also had the usual 
copper top to the chimney, and brass dome; but in 
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1862 the cbimnejr-tops and domes of all the McOonnell 
engines were painted over to save the trouble of clean- 
ing. The tender ran on six wheels and weighed, 
loaded, 25 tons. None of the Southern Division 
engines appear to have been '^ rebuilt/' but as the 
boilers became worn out the engines were broken up. 
However, the 373 class will always be remembered 
amongst the finest locomotives that ever ran on the 
London and North Western Railway. In 1861 Mr. 
McConnell resigned, and when Wolverton was closed 
as a locomotive establishment, the Southern Division 
engines had their numbers increased by 600, No. 1 
becoming 601, and 373 being changed to 973, and the 
names "Delamere,** "Caithness,** and "Maberley" were 
given to the three engines by Mr. Ramsbottom, when 
they came under his charge. At a later date the 
numbers of these engines were again altered, and they 
ran for some years as 1,198, 1,199, and 1,200. 

At the Exhibition of 1862 No. 373 received very 
great attention ; but there was not then the weight of 
train to require engines of such power, and a smaller 
and lighter engine did the work quite as well, and at 
less cost. Thirty years ago one often saw great 
engines of the 373 type which were capable of work- 
ing fully 30 or 35 of the old small coaches, running 
with light trains of 7 or 8 vehicles. 

Fig. 116 illustrates one of Mr. Sturrock's steam 
tender engines, built by E. B. Wilson and Co. for 
the Great Northern Railway. Mechanically the steam 
tenders worked very well and conveyed 70 and 80 
loads of coal, but as the lie-by sidings could only hold 
trains of 50 waggons, delays were caused to passenger 
trains, and practically Mr. Sturrock's system was a 
serious failure, and did not pay. 



CHAPTER IX. 

RECENT liOOOMOTIVE PRAOTTOB. 

Thbrb are so very few instances in which passenger 
engines are owned and maintained for private use, 
that the new locomotiTe lately constructed by Messrs. 
Sharp, Stewart & Co., at the Atlas Works, Glasgow, 
to the designs of Mr. David Jones, the Locomotive 
Superintendent of the Highland Bailway, for the Duke 
of Sutherland, deserves attention here. 

The engine, " Dunrobin *' (Fig. 117), is used for the 
purpose of working special trips as* required, between 
the private station at Dunrobin Castle and Inverness ; 
the engine and saloon of the Duke of Sutherland 
having running powers over that portion of the High- 
land Railway Company's system. 

The " Dunrobin " has four coupled wheels and a 
trailing bogie. The cylinders are 13 inches, the stroke 
18 inches ; coupled wheels 4 feet 6 inches diameter ; 
heating surface 575 square feet, and the weight in 
working order 31 tons 4 cwts. 

The engine is fitted with the automatic vacuum 
brake, and has a very roomy cab, provided with seats 
and side-glazed shutters. There can be no doubt that 
the engine afiords the most comfortable accommodation 
for passengers that can be found on any locomotive 
iu use in this country. 




le Duke of Sutherland, 
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The saloon is a fine example of tlie carriage-builder's 
skill, and includes everything necessary to make rail- 
way travelling an imquestioned luxury. The exterior 
of the carriage is painted in white and green with 
ornamentation in gold. At the rear are apartments 
for servants and a compartment for the guard. 

The engine is always kept in readiness at Dunrobin 

The express engines in use upon the Manchester, 
Sheffield, and Lincolnshire Railway (Fig. 118) were 
designed by Mr. Harry Pollitt in 1895 to work the 
through trains to London upon the opening of the 
Company's (now the Great Central), main line 1)eing 
previously used to work the express trains between 
Manchester and Grantham. 

The four-wheeled bogie, besides the circidar move- 
ment, has 1^ inch lateral play on each side. 

The bogie wheels are 3 feet 6 inches diameter on the 
tread, 5 feet 9 inches centre to centre. 

The capacity of the engines for work is shown at a 
glance by the following figures : — 

Diameter of oylinden 18} ins. 

Length of stroke 26 ins. 

Diameter of coupled wheels 7 ft. 

PkeBsme of steam I701bs. 

The boiler and fire-box casing are of Siemens-Martin 
steel, the fire-box is of the Belpaire pattern, which 
has been adopted by the Company as its standard. 
The fire-box and also the tubes are of copper, the tubes 
being 233 in number and If inches diameter outside. 

Heating snrfaoe of tubes 1,209 sq. ft. 

Heating surf ace of fire-box •• •• 109 „ „ 

1»818 n ^ 
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The area of the fire-grate is 20 square feet, and the 
ratio of grate area to heating surface is 1 to 65*9. 

The frames are of Siemens-Martin steel. The engine 
is fitted with Timmis' bearing springs, and Spencer 
Moulton's assistant springs under the driying and 
trailing axle-boxes ; the foot-plate fittings include one 
No. 8 and one No. 9 Gresham and Oraven's injector, 
the steam sand-blast, two sets of gauge-glasses, with 
Wall's gauges-glass protectors, also a perforated shield 
round the fire-box door, also the automatic vacuum 
brake. V. 

The connection between the engine and tender is not 
made by side buffers, but a large central spring is em- 
ployed, which most effectually prevents any loose or 
jerky motion between engine and tender. The tender 
runs on six wheels, and carries 4,000 gallons of water 
and 6 tons of coal. The weight in working order is — 

tons. owti. 
On bopfie wheels .. •« •• .. •• 16 9 

On driTing-wheels 16 7 

On trailing-wheels •• 15 2 

Total engine .. .. .. 46 18 

Weight of tender , 40 10 

Grand total engine and tender •• 87 8 

Thirty-six of these engines have been ordered ; at 
the time of writing twelve are running and the others 
are tmder construction at the Company's works at Gor- 
ton. The author having ridden with these engines, 
can speak of the satisfactory manner in which they are 
working. 

It is very unusual in this country to find express 
engines with driving-wheels of less than 6 feet dia- 
meter, but the extremely severe gradients over which 
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the North British engines have to work on the West 
Highland section necessitates a very high tractive 
power, and to attain it Mr. Hohnes, in 1894, con- 
structed engines with driving-wheels 5 feet 7 inches. 
Up to the present time the Company has constructed 
twelve more engines at Cowlairs, numbered 227, 
231, 232, 341, 342, 343, 344, 345, 346, 702, 703, and 
704. Their leading dimensions are : — 

Four ooupled bogie tender engines. 

Diameter of bogie wheels 3 ft. 6 ins. 

„ of coupled wheels •• .. 5 „ 7 i, 

„ of cylinders 1 ,, 6 ,, 

Stroke 2 „ „ 

Centre of bogie to centre of driylDg- wheel 9 „ 10 ,, 

Centres of bogie wheels 6 „ 6 ,, 

„ „ coupled wheels 8 „ 2 „ 

Wheel bisuse of engine 21 „ 3 „ 

Boiler, length of barrel 10 „ 21„ 

„ Diameter-,, ,, 4 >» H»» 

Length of fire-box (outside) . . 5 „ 5 „ 

Heating surface, fire-box. . 104*72 sq. ft. 

Tubes 1130-41 „ „ 

Total .. .. 123613 „ „ 

Area of fire-grate .. 17 „ „ 

No. of tubes 236, external diameter If iuR., working pressure 
150 lbs. per square mch. 

Weight of engine in working order : — 

tons. owts. qrfl. 

Bo^e wheels •• •• •• •• 15 

Driving „ , 14 10 

Trailing „ 13 16 

Total ., ..43 6 



Tender, diameter of wheels 4 ft. ; wheel base 12 ft ; capadtj o^ 
tank 2,500 gals. ; weight in working order 32 tons. 
Q 
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These engines are fitted with the Westinghouse 
automatio brake. 

Another instance of small driving-wheels for express 
trains is to be found on the Gh*eat Western Railway. 
The " Duke of Cornwall " type, Nos. 3,262 to 3,261, has 
been specially designed and constructed at the Swindon 
Works by Mr. William Dean, Locomotive Superinten- 
dent, to convey the fast West of England traffic over 
the heavy gradients which exist between Plymouth and 
Exeter. 

The engines have a leading bogie and four coupled 
wheels of 5 feet 7i inches diameter. The cylinders 
are 18 inches diameter and the stroke 26 inches, conse- 
quently the tractive power which these engines are 
capable of exerting for every pound of mean effective 

. , ,, . , . ,, 18'x26 
pressure per square inon on the pistons xs thus — -r^-z — 

^ 124*8 lbs., and as the boiler is worked at a pressure 
of 160 lbs. per square inch and the weight upon the 
coupled wheels is 28il ^^^f ^^ follows that the engines 
are well able to deal with fast and heavy trains, and 
the result of the author's riding with them has proved 
that the engines are doing some very satisfactory 
work. 

The boiler has a steam pressure of 160 lbs. per square 
inch — 

HfliLTnrO SXTBFAOB. 

Tabes .. •. 1,285-58 sq. ft 

Fire-box 112-60 „ „ 

Total „ .. 1,398-18 „ „ 

Fire-grate area •• •• ,, 10 „ ,y 
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WsiaHT IN WoBKiNa Obdeb. 

tons, owts. 

On bogie wheels 17 10 

On driving „ 16 7 

On trailing ,, .« 13 3 

Total 46 

Tbndbb. 

Gapaoily •• 2,000 gallons. 

Weifftt 24 tons. 

TotflJ weight of engine and tender . . . . 70 ,, 

The leading bogie wheels, and also all six tender 
wheels, are of Mansell's wooden disc pattern, which is 
unusual in locomotive practice; the engine has an 
American extension-front or smoke-box, which is a 
decided innovation upon the Great Western Railway, 
and is found very efficient in preventing the throwing 
of sparks. 

Ten other engines of similar design were under con- 
struction at Swindon in 1896. 

The Caledonian Railway Company provides locomo- 
tive power to work the West Coast through trains 
north of Carlisle ; and with a view to avoid the use of 
double engines, Mr. M'Intosh, the Company's Locomo- 
tive Superintendent, designed and constructed fifteen 
express engines, the first of which was named ** Dima- 
lastair," and is shown in Fig. 119, the illustration being 
reproduced from a photograph by Mr. D. H. Little- 
john, of Dundee, taken upon the first day that the 
engine ran. 

The most important feature in the design is the vast 
size of the boiler and its height above the rails. Mr. 
M'Intosh is following very much upon the lines of the 
American designs; he sees that a large boiler is a 
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necessity, and to obtain space for the diameter lie 
requires he has raised the boiler so that it overhangs 
the coupled wheels. The cylinders are 18^ inches dia- 
meter by 26 inches stroke, the four coupled-wheel^ 
being 6 feet 6 inches diameter. These dimensions pro- 
duce a tractiTO force of a trifle over 111 lbs. for every 
pound of average effective cylinder pressure. Taking 
this at 100 lbs. we find a tractive effort of 11,100 lbs. 
The load on the four coupled wheels is 31*25 tons, or 
a little less than 5*6 times the tractive effort. The 
slide valves are placed between the cylinders, and are 
worked by ** link motion." 

BomsB. 

Height of centre of boiler from rafls • • 7 ft. 9 in. 

Length of barrel 10 ft. 3^ in. 

Diameter of barrel (mean) i ft. 8{ in. 

HSATIMa SUBFAOB. 

Tubes 1,284*45 sq. ft. 

Fire-box 118-78 fiq. ft. 

Total .. •• M03-23 sq.ft. 

Fire-grate area 20-63 sq. ft. 

Worlong pressure per square inch .. .. 160 lbs. 

Wbiqht 07 Enohtb in Wobkino Obdbb. 

tona. owts. qis. 

Bogie wheels • •• 15 14 3 

Driying ,, •• •• •• .. 16 

Trailing , 15 5 

Total .. .. 46 19 8 

Weight of tender in working order 39 1 2 

Total weight ol engine and tender in 

working order 86 I 1 
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The tender runs on six wheels and carries 3^570 
gallons of water. 

Of course, these engines, like the whole of the 
Caledonian rolling stock, are fitted with the Westing- 
house automatic brake. 

Several engines of the 721 class are stationed at 
Perth, and run to Carlisle and back each day with the 
heaviest and most important trains, the residts of 
working being highly satisfactory, and they will take 
an important part in the next race to the North, when 
they may be expected to do some fine running between 
Carlisle and Aberdeen. 

Mr. Wilson Worsdell, Locomotive Superintendent 
of North-Eastem Railway, in 1896 designed and con- 
structed five express engines for the **East Coast" 
trains, these fine locomotives being among the largest 
which have ever been constructed in this country. The 
cylinders are 20 inches in diameter, and have a stroke 
of 26 inches. There are four coupled wheels of 7 feet 
7^ inches in diameter, 4 inches larger in diameter than 
any four coupled wheels hitherto used. The leading 
end of the engine is carried on a four-wheel bogie. 
The boiler is 4 feet 4 inches in diameter, and over 
11 feet in length. The fire-box is 7 feet long, and the 
height of the centre of the boiler from the rails is over 
8 feet. 

These engines are fitted with the Westinghouse 
automatic quick-acting brake, and are provided with 
the very excellent cab, introduced on the North-Eastem 
RaUway by Mr. T. W. Worsdell. 

The boilers are constructed to carry a pressure of 
200 lbs. per square inch, but at present the engines are 
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being tested with yarious pressures from 175 lbs. up* 
wards, and the one giving the best results will of 
course be adopted as the working pressure. It is not 
the intention of the Company to publish any official 
table of dimensions until after the fast running has 
commenced in July, but it is a well-known secret that 
one of the new engines, No. 1,869, has made a private 
experimental trip which proved highly satisfactory, the 
whol^ distance from Newcastle to Tweedmouth being 
covered at an average speed of 70 miles an hour from 
start to stop. The North Eastern Company has, with 
a view to reduce the weight of its tenders, adopted the 
** water-trough-system,** and it will be in use by the 
time this volume is in the hands of the readers, and the 
new tenders will carry 3,000 gallons of water only. 
Although the full dimensions may not at the present 
be stated, it is no secret that in addition to the five 
engines already completed, ten others are under con- 
struction, and a large number of tenders are being 
fitted with the water scoop. Two other railway com- 
panies are also contemplating the adoption of the 
" water-trough,'* but it is not certain if they will be 
able to complete the apparatus for this year's racing. 
Before leaving the Great Southern and Western 
Railway of Ireland, Mr. Ivatt designed and constructed 
a large express engine with a leading bogie and four 
coupled wheels, the important feature being that by 
means of a special arrangement introduced by him the 
engine can be worked as a '' simple '* engine or as a 
"compoimd** at the wish of the driver; this is an 
important step in the right direction, and gives the 
driver full power to work the engine to the best ad- 
vantage. Careful experiments made with this enginCi 
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working one day " simple " and the next ** compound/' 
will throw much light upon this important subject. 

Upon Mr. Ivatt, formerly of the Great Southern and 
Western Railway of Ireland, being appointed Locomo- 
tive Superintendent of the Great Northern Railway, 
what was held to be a great defect in the Great 
Northern engines — namely, the absence of a dome on the 
boiler — was again discussed amongst the engine-drivers. 
For years they had asked for a dome, but Mr. Stirling 
would not consent. It has, therefore, given much satisfac- 
tion to the drivers to know that Mr. Ivatt is an advocate 
of the *' steam dome," and they express the hope that 
he will be an advocate also of the American cab. 

Mr. Eric G. Barker, Locomotive Superintendent of 
the Wirral Railway, Birkenhead, has designed, and 
Messrs. Beyer, Peacock & Co. have completed a twelve- 
wheeled tank engine for that line. No. 11. It has a 
leading bogie, four coupled wheels of 5 feet 2 inches 
diameter, and a trailing bogie. Cylinders, placed 
inside, 17 by 24. Total weight 69 tons 16 cwts. 1 qr. 
The double-bogie arrangement is found to give very 
satisfactory results. Boiler pressure, 160 lbs. 

At the present time the question of cabs is engaging 
the attention of drivers upon nearly all the important 
lines, and they have asked their various companies to 
give them the same cabs as provided by the North- 
Eastem Railway. In several cases the requests have 
been acknowledged, and it is said that " the matter 
shall have attention." The author trusts this may 
lead to the general use of the American cab in this 
country, but he is, of course, quite aware that the 
** cab " costs more money than the weather-board, and 
that this is the reason why the Directors of many lines 
have in the past delayed its introduction. 



OHAPTBR X. 

HODEBN DEVELOPMENTS— AUTOMOBIMSM. 

Commencing in July^ 1893, several of the Englitth 
railway companies for the first time introduced the 
third-class dining-car upon the most important express 
trains^ and as previously to that addition the trains 
of the period were as heavy as the engines could well 
manage, it speedily followed that the addition of a 
30-ton dining-car rendered a second engine necessary. 
This alteration was followed by a large increase 
of first-class sleeping-cars upon the nijght trains^ and 
by a general introduction of new rolling-stock, mostly 
upon the corridor principle, with the result that the 
weight of trains gradually doubled, and it was found 
that during the years 1896, 1897, and 1898 the use 
of a pilot or second engine became the rule. In fact, 
during those years there were numbers of trains which 
always had two engines. 

To avoid this double engine running, locomotive 
superintendents in the first place rebuilt many of their 
existing engines, making great improvements, such as 
enlarging the cylinders, increasing the size of the 
boiler, and also the pressure of steam. So satisfactory 
did these alterations prove that new engines were built 
upon the designs of the rebuilt engines, but in most 
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instances still larger. By this means the locomotive 
departments overcame their difficulties, but events 
soon showed that the success was only destined to be 
of very short duration, as the traffic departments^ 
insisted upon the speeds being increased and more 
carriages being attached to the trains. At the same 
time the carriage departments were practically com- 
pelled by competition and public opinion to withdraw 
from express service the old light four or six- wheeled 
coaches, and to build eight or twelve-wheeled bogie 
vehicles of the heaviest and most modem description. 

Locomotive superintendents thus found themselves 
placed in a very difficult position — on the one hand, 
tied down by the dimensions of the bridges and the 
loading-gauge, and on the other required to provide 
engines capable of conveying trains double the weight 
at an increased speed. 

In many instances the difficulties have been over- 
come by the construction of modem engines upon the 
general design of former types, but with greatly 
increased dimensions. In other instances locomotive 
superintendents have found it necessary to adopt, or 
at least to experiment with, engines of types not 
previously used in this country ; and the object of 
adding this chapter to the previous history is to 
illustrate and describe some of the most important of 
these new departures in locomotive practice. 

In the first place, it must be recorded that express 
engines having four cylinders constructed upon various 
designs have been introduced upon British railways, 
and no less important is the employment of express 
engines having ten wheels. The use of piston-valves, 
the introduction of the Belpaire fire-box, and the 
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heating of trains by means of steam or hot water from 
the boiler of the locomotive^ are also points of con- 
siderable interest. 

Mr. James Hanson in 1897 designed and constructed 
a four-cylinder express engine. No. 11, at the Glasgow 
and South- Western Company's works, having a leading 
bogie and four coupled wheels of 6 feet 9| inches 
diameter. The two inside cylinders are 14^ X 26, 
and the two outside have a diameter of 12^ X 24 
stroke ; high pressure steam being suppUed to all four 
cylinders, the connecting-rods working upon one axle. 
The boiler pressure is 165 lbs., but the total heating 
surface being only 1,205 square feet, prevented the 
cylinder power being used to the full extent. 

In 1897 Mr. F. W. Webb, of Crewe, decided not to 
construct any more of his three-cylinder compound 
engines, and to turn his attention to the four-cylinder 
type, and during that year he completed two express 
engines, each having two inside and two outside cylin- 
ders, all four working directly upon one pair of driving 
wheels, but coupled to a trailing pair. 

One of these experimental engines was named ^^ Iron 
Buke," and was a ** simple '^ engine, having high- 
pressure steam in all four cylinders ; and the other was 
named *' Black Prince," being a " compound,'* having 
the high-pressure cylinders outside and the low-pressure 
cylinders inside. 

At the conclusion of the experiments with the two 
engines, Mr. Webb determined to convert the simple 
engine to a compound, and to construct fifty-eight other 
engines of the same pattern. The whole of the order 
is complete, and the engines are numbered from 1901 to 
1960. One of these, '' La France,'' No. 1926, was sent to 
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the Paris Exhibition of 1900, and No. 1942—" King 
Edward VII/'— is illustrated in Fig. 120. 

The chief dimensions were: cylinders/ two high- 
pressure, 16 inches X 24 inches; two low-pressure, 
20^ inches X 24 inches ; total heating surface, 1,557*5 
square feet ; steam pressure, 200 lbs. per square inch ; 
height of boiler-centre from rails, 8 feet 1^ inches ; 
weight of engine in working order, 57 tons 12 cwt. ; 
weight of engine and tender in working order, 84 
tons 4 cwt. The tender, in consequence of the water- 
trough system, is light compared with the engine. 

Mr. D. Drummond, upon the London and South- 
western Railway in 1901, constructed a further 
number of his four-cylinder engines of the 369 class 
similar to his previous experimental engine. No. 720, 
built 1897. These engines (Fig. 121),haTe aleadingbogie 
and two pairs of perfectly independent driving-wheels. 
The first pair of wheels is driven by two inside cylin- 
ders, and the trailing pair of drivers is actuated by a 
pair of outside cylinders. The fire-boxes are provided 
with water-tubes, and the tenders run upon two four- 
wheeled bogies. 

Two types of ten-wheeled express engines have been 
introduced upon the Great Northern Railway by Mr. 
Ivatt. In the first place, he constructed No. 990, 
having a leading bogie, four coupled wheels, and a 
small pair of trailing wheels, and a pair of outside 
cylinders, 19 X 24 ; the connecting-rods working upon 
the second pair of 6-feet 6-inch coupled wheels. 
However, the second type. No. 271 (Fig. 122), is a 
ten- wheeled engine, having four cylinders, 15 inches 
diameter and 20 inches stroke, two placed inside and 
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two outside, and working upon tlie first axle, high- 
pressure steam being used in all the cylinders. 

The inside cylinder type of ten-wheeled express 
engine was introduced by Mr. Aspinall upon the Lan- 
cashire and Yorkshire Eailway, being a large edition of 
that company's leading bogie and four-coupled wheel 
class, but haying a Belpaire fire-box and a small pair 
of wheels under the footplate, the two cylinders inside 
being 19 X 26, and the four coupled wheels 7 ft. 3 in. 
diameter. For illustration (No. 1,400), see Fig. 123.) 

Mr. Worsdell has designed and constructed for the 
North-Eastem Railway two types of ten- wheeled (six 
wheels coupled) express engines. The first of these, 
built in 1899, have coupled wheels 6 feet 1^ inches 
diameter, and cylinders 20 inches X 26 inches ; height 
of centre line of boiler above rails, 8 feet 2 inches ; 
total heating surface, 1,769 square feet ; steam pres- 
sure, 200 lbs. per square inch ; weight of engine in 
working order, 62 tons 5 cwts. ; weight of engine and 
tender in working order, 98 tons If cwts. ; and com- 
mencing at No. 2,001. 

The 2,111 class (Fig. 124), however, has coupled 
wheels of 6 feet 8^ inches diameter, the cylinders 
being 20 inches X 26 inches ; height of centre line of 
boiler above rails, 8 feet 6-|- inches ; total heating sur- 
face, 1,769 square feet ; steam pressure, 200 lbs. per 
square inch; weight of engine in working order, 67 
tons 2 cwts. ; weight of engine and tender in working 
order, 107 tons 2 cwts. These engines are giving very 
satisfactory results in working upon the heaviest East 
Coast Scotch express trains. 

At the Derby works, in 1901, Mr. S. W. Johnson 
constructed the first five of a larger class of his coupled 
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engineiSy foUowiDg the general design of Fig, 76, p. 
134, but having a Belpaire fire-box, the dimensions 
being cylinders, 19^ inches X 26 inches ; driving and 
coupled wheels, 6 feet 9 inches ; height of boiler centre 
above rails, 8 feet 3 inches ; steam pressure, 180 lbs. 
per square inch ; total heating surface, 1,519*0 sq. ft. ; 
grate area, 25*0 sq. ft. ; weight of engine in work- 
ing order, 51 tons 12 cwts. The tender runs upon two 
bogies and carries 4,000 gallons of water. Weight 
of engine and tender in working order, 102 tons 
19 cwts. 

These engines, which are numbered 2,606 to 2,610, 
were put to work the heaviest Scotch trains between 
St. Pancras and Leeds, and others of a similar type 
have been constructed having tenders to carry 4,600 
gallons of water. 

During the year 1898 the North-Eastem Eailway 
Company rebuilt at its Gateshead works one of its 
two-cylinder compound engines. No. 1,619, as a three- 
cylinder compound. As thus altered this engine has a 
four-wheeled leading bogie and four coupled wheels, 
the three cylinders having their connecting rods work- 
ing upon the driving pair of wheels : the engine has one 
high-pressure cylinder (inside) 19 inches X 26 inches ; 
two low-pressure cylinders (outside) 20 inches X 24 
inches; coupled wheels, 7 feet 1^ inches diameter; 
steam pressure, 200 lbs. per square inch ; total heating 
surface, 1,324*0 square feet ; weight of engine in 
working order, 53 tons ; weight of engine and tender 
in working order, 94 tons. A most important feature 
about the engine is that it can be worked either as 
a compound, a semi-compound, or as a ^'simple'' 
engine. After trials it was decided not to construct 
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any more engines of the type^ and to build the new 
ones as high-pressure engines. 

The Midland Railway Company during the year 
1902 stationed two new engines at Leeds to work the 
Scotch express trains from thence to Carlisle, Nos. 2631, 
2632 ; these are three-cylinder engines, and are illus- 
trated in the frontispiece of this volume. 

These engines were built at Derby upon a design 
never before tried upon the Midland, but follow very 
closely the pattern of the North-Eastem Company's 
engine No. 1,619, after the alterations of 1898 — ^that 
is to say, they are compound or semi-compound. 

The one inside high-pressure cylinder is 19 x 26, 
and the two low-pressure or semi-low-pressure cylinders 
are each 21 X 26, the coupled wheels being 7 feet 
diameter, and the boiler pressure 195 lbs. 

The one inside cylinder receives high-pressure steam 
direct from the boiler, and the exhaust steam from this 
cylinder is turned into the steam chest dividing its 
steam between the two outside cylinders. The official 
details state that ^' when working compound, the pressure 
in the low-pressure chests, according to the position of 
the reversing gear, varies from 40 lbs. to 60 lbs. ; but 
for starting or working a heavy train up a steep incline, 
increased power can be obtained by admitting steam from 
the boiler through the regulating valve to the low-pres- 
sure steam chests. The amount of high-pressure steam 
admitted to the low-pressure cylinders is governed by 
a controlling valve placed inside the cab. By manipu- 
lating this valve, the driver can vary the low-pressure 
steam-chest pressure to suit the work in hand.'' It 
will be remembered (see page 93) that as long ago as 
1846 Messrs. Stephenson and Howe obtained satisfactory 
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results with three-cylinder high-pressure engines, and 
when by means of the regulating valve a liberal supply 
of high-pressure steam is turned into the two outside 
cylinders the Midland engines are found to perform 
some heavy work upon the severe gradients between 
Leeds and Carlisle. 

A great feature in these engines is that a large boiler 
has been provided, the length of barrel being 11 feet 
7 inches, 4 feet 9^ inches in outside diameter, and has 
its centre pitched 8 feet 6 inches above rail level. One 
of the engines is fitted with Serve tubes, which alone 
give 1,569*8 square feet of heating surface ; the other 
engine, which has plain tubes, has 1,448*0 square feet 
of heating surface in the boiler. The Serve tubes are 
2J inches and the plain ones If inches in external 
diameter. The inside fire-box measures 7 feet 9^ 
inches in length, and has a grate area of 26 square 
feet, the heating surface of the box being 150 square 
feet. This, added to the respective tube surfaces, gives 
a total of 1,719*8 square feet in the one case, and 
1,598*0 square feet in the other. 

The weight of engine in working order is 59J tons, 
38f tons being available for adhesion. The tender is 
of Mr. Johnson's double-bogie pattern, holding 4,500 
gallons of water, and weighing in running order 52 tons 
13 cwts. Engine and tender complete thus weigh 112 
tons, the total length over buffers being 60 ft. 10 in. 

Turning now from passenger engines to goods and 
mineral, it is satisfactory to find that several railways 
have introduced the eight-wheel coupled goods engine 
in order to convey heavier loads. 

The London and North- Western Company obtains 
good results with four-cylinder compound eight- 
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wheeled coupled engines, and the North-Eastem 
employs eight coupled wheels and outside cylinders. 
The Caledonian (see Fig.) 125), the Lancashire and 
Yorkshire, and the Great Northern companies obtain 
equal success with the inside-cylinder type. 

Although improvements have been made in the 
goods engines, it is to the goods wagons that more 
attention should be given, in order to increase the 
paying load. An American bogie coal wagon, weighing 
10 tons empty, carries 30 tons of coal ; but in England, 
to convey 30 tons of coal, three wagons have to be 
employed, each weighing fully 6 tons 12 cwts. empty ; 
the result being that the English goods engine has to 
haul about the country twice the amount of useless 
dead weight that the American engine has to take. To 
alter the English coal sidings and docks so as to enable 
the larger wagons to be UBed will be costly, but it will 
have to be done if goods traffic in this country is to be 
made to pay ; and most certainly the time has arrived 
when goods should be carried in large wagons with 
proper tops and doors, not in the antiquated open 
wagon covered over with a sheet, which often allows 
rain to damage the goods. 

The Paris correspondent of Tlie Times, in the issue 
of that journal of December 13, 1902, has given 
particulars of what he styles the '' new automobile rail- 
way system,'' about to be introduced into France, and 
he describes his information thus given as ^' the first 
mention of a piece of news which is bound to fill with 
joy all English travellers/' 

" On June 18 next,*' he goes on to say, " at 8.60 a.m., 
there will start from the Lyons station in Paris a train 
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composed of three * autonomobile ' carriages — tlat is 
to say^ carriages that are both autonomous and motor- 
cars — which will enter the Dijon station at noon. 
There the 120 travellers carried by the three autono- 
mobile wagons will be entertained at luncheon. The 
315 kilometres between Paris and Dijon will thus have 
been covered in three hours and ten minutes, or at a 
normal speed of 100 kilometres per hour ; and the 
same speed may be maintained between Dijon and 
Lyons, Lyons and Marseilles, Marseilles and Nice, and 
Calais and Paris uninterruptedly, so that the distance 
between Calais and Nice can be coyered in 14 hours. 
I am speaking of the first projected application of 
motor power, and not of the extraordinary transforma- 
tion which motor-power will produce in the conveyance 
of travellers in general. 

** Now that I have briefly described an invention 
which is now neither a project nor an experiment, but 
which exists and works, and the application of which 
is merely postponed for some months for the construc- 
tion of the actual rolb'ng-stock, Imay give some details 
to explain the very exceptional influence which this 
new mode of travelling must exercise and the way in 
which passengers will travel in the autonomobile cars. 

" To form an accurate idea of the attention which this 
new mode of traction and locomotion calls for, it will be 
sufficient to say that the eminent firm of Gardner and 
SerpoUet undertakes the construction and organisation 
of the autonomobile carriages which on June 18 next 
will make their first trip between Paris and Dijon. 
That firm is the one which in two successive competitions 
for the Rothschild Cup at Nice, 1901 and 1902, beat 
the record of automobiles by covering the first time 
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101 and the second time 121 kilometres an hour, while 
the third time — for to win the Cnp there three records 
of speed must be made — ^it proposes to cover 140 or 
150 kilometres an hour. Messrs. Gardner and SerpoUet 
are now constructing the autonomobile carriages 
whose public appearance will entirely transform, 
probably in all parts of the world, the mode of 
conveying passengers. At present, indeed, it will 
be applied only to the conveyance of passengers, as 
it requires a special type of carriage, the construction 
of which demands both time and capital 

''Let me now briefly explain the transformation 
which with progressive developments in proportion to 
the construction of the carriages and the resources of 
the companies the conveyance of passengers will 
undergo. First of all, as its name indicates, the auto- 
nomobile supersedes the locomotive — that is, it dispenses 
in every train, short or long, slow or fast, with a weight 
of 110 tons. It saves the considerable cost of loco- 
motives. It abolishes smoke, steam, noise, vibration, 
the jolt incidental to stopping and starting, and the 
necessity of stopping to take up watei*. 

** It also abolishes all the men in charge of a loco- 
motive except the engine-driver. The new carriage is 
17 metres long — that is to say, the length of the present 
corridor carriage. Of these 17 metres a space of 2*6 
metres in front is occupied by the traction apparatus, 
while the remaining 14*4 metres will comfortably 
accommodate 40 passengers, and the 1,200 kilogrammes 
of luggage allowed them, besides a lavatory and a 
handy little bar, where passengers during the journey 
may always find refreshment. The cost of the auto- 
nomobile is the same as that of the first-class corridor 
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carriage^ while the weight, including the traction 
apparatus, is also the same. Thus the abolition of the 
locomotive is an accomplished fact, and the rails which 
now have to bear the weight of the locomotive and 
tender, as well as of the carriages, are relieved 
therefrom.*' 

One need hardly say that time only can show whether 
these sanguine expectations of the '*. abolition of the 
locomotive," as we now know it, are to be realised so 
speedily as The Times* correspondent anticipates — if, 
indeed, room may not be found in the arrangements of 
the future for the modern ^' locomotive '' and the new 
** autonomobile/' each in a sphere of its own. 

As to the sources of the tractive power to be utilised 
in the ** autonomobile/' the same correspondent says : — 
" The system is one which, in an embryo form and 
dating back several years, has been applied to short and 
fast tramway lines, but never to practically unlimited 
distances. While not, perhaps, using the technical 
expressions which would be employed by a specialist, I 
believe I am not mistaken in stating that by means of 
the slightest possible quantity of petroleum the smallest 
possible quantity of water can be converted into the 
greatest propelling power of steam which can be pro- 
duced. The extremely powerful vapour thus obtained 
acts directly on the wheels of the autonomobile.*' 

It may further be noted that in The Times of 
December 18, 1902, another correspondent calls atten- 
tion to a system of '^ AutomobiUsm on Railways," 
which is about to be tried in England by the North- 
Eastern Railway Company. 

"That company" (this correspondent states) "is 
at the present moment building at its York works two 
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autocars to run on its railway, each of which will carry 
a complete apparatus for generating its own motive 
power. At one end of the car there will be a Napier 
petrol engine of 85 brake horse-power, with four 
cylinders. This engine will drive a dynamo, genera- 
ting electricity for two motors, which will apply the 
power to the wheels of the 'bogie' xmdemeath the 
engine compartment. 

" Two of these four-wheeled * bogies,* of practically 
the normal railway carriage type, will carry the frame- 
work of the car, but the body will be much lighter 
than that of an ordinary carriage, approaching closely 
to the tram type. In fact, the vehicle will be a tram 
saloon, with an engine compartment at one end and a 
conductor's compartment at the other. Seating accom- 
modation will be provided in each car for 52 passengers ; 
and, as storage is provided for 30 gallons of petrol, it 
is anticipated that the automobile will be able to Woik 
five hours at a stretch without replenishing. 

*' It is calculated that by this system a speed of 30 
miles an hour can be got up in as many seconds, which 
is a very much quicker acceleration than is possible 
with an ordinary train. It is not proposed to use these 
autocars at first for the longer distance traffic of the 
North-Eastem Railway, but to employ them rather for 
accelerating the service on those sections of the system 
where an ordinary train can only make a slow rate of 
speed owing to the number of stopping places. The 
two cars now under construction are destined to run 
between Hartlepool and West Hartlepool stations, where 
there is keen competition with a tramway service. 
If the experiment be successful, other sections of the 
company's system are to be similarly equipped.'' 



CHAPTER XI. 

MAIN QUESTIONS OF DESIGN — THEORY OF LOCO- 
MOTIVE MOTION — RULES AS TO GRADIENTS — 
CENTRE OF GRAVITY OF LOCOMOTIVE— SUNDRY 
APPLIANCES. 

In technical detail as well as in outward appearance^ 
locomotives, as these pages show, vary considerably ; 
and these variations are naturally of very considerable 
interest to locomotive engineers and also to the general 
public. However, it yet remains true that the general 
principles of all are more or less closely allied to each 
other ; and, although their construction and dimen- 
sions may differ, all their variations or special 
arrangements are mere devices for the better and 
more efficient utilisation of their power. The four 
great points in a locomotive are, of course : — 

1. The boiler — in which the steam is generated. 

2. The cylinders — in which it is utilised to force the 
piston alternately from end to end, the length of the 
stroke being regulated by the throw of the crank 
according to the length of the cylinder. 

3. The throw of the crank of the axle of the driving 
wheel; and 



248 DBVELOPMBNT OF THB LOOOMOTIYB. 

4. The size of the driving wheeL 

Hence the four most important questions regarding 
all locomotives are : first, the diameter of the cylinders ; 
second, the length of the stroke ; third, the diameter 
of the driving wheels; and fourth, the pressure of 
steam in the boiler. It is upon these points that the 
whole of the changes in locomotive construction are 
rung; they are the keynotes which dominate the 
whole ; and these particulars being given, all the rest, 
to a practical engineer, becomes more or less a matter 
of detail. 

Of course there are other questions which arise on 
different railways — such, for example, as to whether 
locomotives should have their cylinders inside the 
frame, or outside, as in American and other types. 
Further, the class of coal or fuel which can be secured 
in different localities has also to be carefully taken iuto 
consideration; and modifications may be considered 
necessary in the construction of fire-boxes and boiler- 
tubes to meet the particular circumstances. Then there 
are other locomotives, such as those running on the 
London underground railways, which are not allowed 
to discharge any steam in the tunnels, and which are 
therefore provided with special condensing apparatus 
by means of which the steam, instead of being dis- 
charged up the chimney into the atmosphere, is turned 
into the cold-water tank and condensed. 

But notwithstanding all these variations, the ten- 
dency of all railway companies has for a long time 
been to adopt certain standard patterns, which give 
the advantao^e — a very great one — of all parts being 
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intercliangeable. Eacli locomotiTe supermtendent, it 
is true, has his own views and his own designs, and 
this has led to the construction of engines of great 
variety, which the superintendents believe to be the 
most advantageous for their own particular railways. 
This has brought new ideas to the front, and has pro- 
moted the efficiency of locomotive power generally, 
because each system and every new principle has been 
brought to the test of practical experience. 

The subject of motion or traction — in other words, 
" How the locomotive engine moves itself,'* has always 
been a matter of much interest, and has formed the 
basis of lengthy discussion in many parts of the world, 
and, in too many cases, has not been made clear. 

Locomotive men usually consider the engine as a 
complete self-contJEtined machine, rolling forward upon 
the rails on account of the adhesion between the driv- 
ing wheels and the surface of such rails. On the other 
hand, permanent-way men, and some purely scientific 
men, prefer to consider the earth and the rails as the 
basis, and regard the engine as simply working its 
way forward by means of a series of levers, that is, by 
the spokes of the driving wheels. 

In practice it matters very little from which stand- 
point we view the subject ; but it is most important 
that the two methods should be kept separate and dis- 
tinct, or endless complication and confusion must cer- 
tainly follow, as it has done in years past. 

The locomotive men will tell us that the piston moves 
backwards and forwards in the cylinder; the per- 
manent-way men and the scientific men will say that 
when the engine is running the piston never goes back- 
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wards, but that the cylinder comes forward upon the 
piston. Both these statements are perfectly true and 
correct when properly examined from the two different 
points of view. Let a locomotive engine be placed with 
one crank vertically below the axle, in forward gear, 
and let steam be admitted. The steam rushes into the 
front end of the cylinder, and the pressure comes upon 
the piston in the backward direction, and against the 
cylinder cover in the forward direction. The backward 
force against the piston is communicated to the piston- 
rod, connecting-rod, crank, driving axle, wheel, and 
rail. The forward force against the cylinder-cover is 
communicated to the frame, axle-boxes, and driving 
axle. I^ow, on account of the leverage, the force in 
the forward direction against the front cover of the 
cylinder has far greater effect, and consequently the 
steam pressure acting on the cover and assisted by 
leverage forces the cylinder, and, of course, the frame, 
driving axle, and train of carriages forward. 

Let the position of the engine be now changed, so 
that one crank shall be vertical above the axle. The 
steam is admitted to the back end of the cylinder, and 
presses upon the piston in the forward direction, and 
against the back cover of the cyliiuier in the backward 
direction ; the piston in this case has the advantage 
of leverage, and is able to force the crank forward. 

The portion of the wheel which at any moment is 
upon the rail is, for that moment, at rest, and practi- 
cally the one vertical spoke in the wheel, the axle, and 
the crank become a lever. Now we have the crank-pin 
as the power, and the axle as the fulcrum ; that is look- 
ing at the question from the locomotive man's point of 
view ; but the permanent- way man will maintain that 
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the rail or the earth must always be the fulorum. 
Practically, when the crank is above the driving axle 
the steam forces the piston forward, and with it the axle 
and the whole train. It must be remembered that when 
an engine is running forward, it is only during the 
forward stroke — that is, when the crank is above the 
axle — ^that the pressure on the crank-pin actually moves 
the engine forward. During the backward stroke the 
piston is pushing the axle in a backward direction, and 
the pressure against the front cylinder-cover is pulling 
it forward ; and, as the latter force, on account of the 
advantage of leverage, exceeds the former, the difference 
between the two is the force against the front cover of 
the cylinder, which difference moves the train forward. 
To make the matter still more clear, we have only 
to remember the test which every engineering pupil 
has seen made occasionally at nearly every locomotive 
fitting shop, namely, having found a pair of locomotive 
driving' wheels and axle,, taken out of an engine, place 
one of the cranks vertically above the axle, place one's 
self in the four-foot way, with one hand upon the crank- 
pin, the hand and arm then represent the big- end and 
connecting rod, and the body the force in the cylinder. 
Let the person pull towards himself, and the result is 
that the part of the tyre upon the rail remains practi- 
cally stationary, the axle moves slowly forward, and the 
top of the wheel moves considerably forward. If the 
crank be now placed below the axle take hold of 
the axle-journal and pull it towards the body, the hand 
then represents the axle-box, the arms the engine-frame, 
and the body the cylinder and cover. It then becomes 
clear that the crank-pin, with reference to its position 
upon the surface of the earth, in*)st always move for- 
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warda, although with reference to its position upon the 
engine as a complete self-contained machine, it must 
move backwards. 

Let us now take the case of an engine having driving 
wheels six feet diameter, length of stroke two feet, an 
the pressure at the piston and piston-rod 30,000 lb 
These dimensions are taken as an illustration because 
they are even figures, and simple to calculate. The 
engine is now to be placed in forward gear, with one 
crank in the vertical position above the axle. Upon 
steam being turned on, we have a force of 80,000 lbs. 
acting in a backward direction against the back cylinder 
cover, and a force of 30,000 lbs. acting in a forward 
direction against the piston. But the 30,000 lbs. of 
force on the piston acts at the crank-pin upon the ei;:d 
of a lever four feet long, the fulcrum of which is a foot 
away, or at the axle. We then have 30,000 multiplied 
by one foot, that is by the short end, aod divide by 
the long end, three feet, or a total of 10,000 lbs. avail- 
able to move the engine forward. 

Now we will have the engine moved half of the revo- 
lution of the wheel, so that the crank shall be vertically 
below the axle, and we have then a force of 30,000 lbs. 
acting upon the piston in a backward direction, and 
30,000 lbs. against the cylinder cover in the forward 
direction ; but the 30,000 lbs. in the forward direction 
acts through a lever, one foot in length to the axle or 
fulcrum, so that 30,000 multiplied by one foot, divided 
by three feet, being the distance from the axle to the 
rail, gives the available forward force as 10,000 lbs. 

Sometimes one hears it stated that the locomotive 
subject is a *' puzzle/^ but this is not the case if the 
actual forces be practically considered. 
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USEFUL RULES RELATING TO GRADIENTS. 

The vis viva of a train moving at any given speed 
is equiyalent to the raising of the train to the height, 
by falling through which it would attain that velocity, 
and this is true whether the train is raised vertically 
(if it were possible), or by running it up an incline 
assuming friction as nil. 

Therefore when a train runs up an incline, the engine 
has not only to overcome the resistance on the level, 
but also to raise the train to a certain height. 

An incline of 1 in 200, for instance, is a rise of VW^ 
= 26*4 feet per mile. To find the work done (in foot 
tons) in lifting a train of 200 tons through the vertical 
height of 26*4 feet, it is necessary to multiply the 
height by the weight, thus, 200 X 26-4=4,280 foot tons. 

The rates of inclinations of gradients are also con- 
veniently expressed as percentages, which represent 
the force of gravity acting on diflferent inclines — 1 in 
200 being expressed as a gradient of 0*5 per cent. ; 
1 in 100 as 1 per cent.; and 1 in 50 as 2 per cent. 

In this country, it is still the practice to express 
gradients in their proportion or ratio to 1*00 but in 
America, as in many other parts of the world, gra- 
dients are always given in proportion to their rise 
per mile. To find the rise in feet per mile for any 
given incline, it is only necessary to divide the feet 
in a mile (5,280) by the gradient to one ; thus in a 
case of 1 in 264 we have 

6,280 

= 20 feet per mile. 

264 *^ 

When, therefoTOy the English engineer speaks of 1 in 

264, the American engineer refers to it as *^a 20-feet 

grade." 
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The following table gives the same 
expressed by the two methods : — 



Gradient 
to 100. 
1 in 2»000 
„ 1,000 
,, 600 
„ 400 
„ 300 
„ 264 
- 220 
.• 200 



EqiL%l riM in 

feet per mile. 

2-6* 

6-28 

10-66 

13-2 

17-6 

200 

240 

26-4 



le same 


inclinations 


Gradient 


EqaalriMin 


to 100. 


feet per mile. 


1 in 165 


320 


» 132 


400 


„ 120 


440 


„ 100 


62-80 


»f 88 


600 


„ 70 


76-42 


„ 60 


106-6 


.. 87 


142-7 



CENTRE OF GRAVITy OF LOCOMOTIVE. 

The horizontal centre of gravity of either a bogie or 
six-wheeled engine should be a few inches in front of 
the centre of the driving axle. To find this point, 
multiply the weight resting upon the leading wheels 
(or leading bogie, if one be used) by the distance in 
feet from the centre of the driving axle. Multiply 
the weight upon the trailing wheels by distance in 
feet from the driving axle. Find the difference, 
which divide by the total weight of the engine in 
tons ; the quotient is the horizontal distance in feet of 
the centre of gravity from the driving axle in the 
direction of the axle carrying the greater weight. As 
an example, if an engine weighs 41 tons 13 cwt. 2 qrs. ; 
on leading wheels, 14 tons 6 cwt. ; on trailing wheels, 
12 tons 16 cwt. 

14*3 tons X 10 ft. (for leading end of engine) . . 143* ft.-ton8 

12*8 tons X 8 ft. 6 in. (for trailing end of engine) . . 108*8 ft.-tons 

The difference (34-2), divided by the total weight of 
the engine (41-68), = -82 of a foot. Therefore the 
centre of gravity of the engine is '82 ft., or 9^ in. in 
front of the driving-axle. 

When a locomotive is running, that portion of the 
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tread of the tire whicli is in contact with the ruii at 
any instant of time is at rest, while the corresponding 
point on the flange on the same radius is moving 
in the opposite direction to that at which the train is 
running. The speed being 60 miles an hour, or 88 ft. 
per second, and the diameter of the wheel over the 
tread 6 ft., and over the flange 6 ft. 2 ins., the point in 
the flange will move backwards at the rate of 1-59 
miles per hour. 

THE STEAM SAND-BLAST. 

Every engine-driver is well aware that for fast run- 
ning, easy riding, and economy both in coal and 
repairs, nothing can equal an engine having a ''single '' 
pair of driving wheels. On the other hand practical 
experience has taught them that for heavy trains run<» 
ning upon steep gradients, it is absolutely necessary 
to employ engines having four coupled wheels, in 
order to obtain the required amount of adhesion, or, as 
the drivers say, '* to tie their legs together.'' 

The useful work which an engine is capable of per- 
forming is, of course, limited by the co-efficient or pro- 
portion of adhesion which exists, or can be created, 
between the driving wheels and the rails ; in other 
words, as soon as the efiect of the steam in the cylinders 
produces a tractive force greater than the adhesion, 
'' slipping '' is the result. In ordinary practice the 
oo-efficient of adhesion is found to be equal to one- 
sixth of the weight resting upon the driving wheels 
expressed as an adhesion of 16*66 per cent., or as an 
adhesion of 373*3 lbs. per ton. 

If the rails be perfectly clean and dry, the adhesion 
ia increased ; if perfectly wet, it is but little reduced. 
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A slight shower of rain, misty weather, and greasy 
rails will often reduce it to about 280 lbs. per ton ; and 
in frosty or snowy weather the writer proved by a 
series of practical experiments that the adhesion became 
as low as 160 lbs. per ton. It is, therefore, not a matter 
of surprise that such a serious loss of adhesion should 
cause a considerable amount of '' slipping.'^ To over- 
come the difficulty the ordinary method of sanding the 
rails is by means of sand-boxes and pipes which 
allow sand to run down on to the rails, and in practice 
it is found that a considerable quantity of sand is used, 
but a large proportion of it does not fall on the rails, 
and a further quantity is blown off by the wind : con- 
sequently the ordinary sanding arrangement is very in- 
efficient and unsatisfactory. 
Oneof the mostimportant improvements in locomotive 




Fig. 126.— General Arrangement of the Sand-blast. 

engineering is the introduction by Messrs. HoltandGres- 
ham of their steam sand-blast (Figs. 126 and 127). 
The general arrangement is shown (Fig. 126) as fitted 
to some of the Midland Company's engines of the 
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1,480 and 1,500 classes. By means of a handle, 
A, steam can be admitted to the sand-ejector, C, thus 
drawing a small supply of sand from the sand-box, 
"B,** and projecting it in a powerful and constant 
sand-blast to the point of contact between the wheel 




Fig. 127— Details of the Sand-blast. 

and the rail. Fig. 127 shows the apparatus in detail, 
and it will be observed that the sand falls into the 
sand trap, and is then carried down in a fine jet by 
the inrush of air caused by the steam ejector. 



THE INJECTOR. 



In the early days of railways the boilers of the loco- 
motives were supplied with water by means of force- 
pumps worked by hand-levers ; afterwards the pumps 
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were worked bj either eccentrics or rods attached to 
the cross-headsy and on the London and South- Western 
Bailway an independent donkey pomp was employed to 
feed the boiler, and at the present time some of the 
Brighton Company's engines are fed with water by 
means of a water pump, working in connection with 
the Westinghouse air brake pump. 

Many of my " locomotive '* readers will remember 
the time very well when engines had two pumps, and 
in order to supply water to the boiler it was necessary 
to run several times backwards and forwards for about 
a quarter of a mile to fill up the boiler. 

They will also, no doubt, well remember seeing 
*' single '* wheeled engines standing in the sheds, with 
their tender brakes hard on, slipping upon oiled rails, 
in order to pump water into the boiler. 

In July, 1858, Mr. H. J. Giffard, a French engineer, 
took out a patent for the " Injector '' ; he had disco- 
vered that the motion imparted by a jet of steam to a 
surrounding column of water was sufficient to force it 
into the boiler from which the steam was taken, and 
even into another boiler having a higher pressure. 

When Mr. GiflTard tried to introduce his new injector, 
locomotive engineers laughed at him ; he was told to 
read about the first rules of motion, and that he must 
be mad to suppose that steam from one part of a boiler 
could force its way back into another part of the same 
boiler ; he could not even obtain authority to try an 
injector on a locomotive till 1859, and then he was only 
granted permission as a favour and with a view to "let 
him prove his idea would not work," and thus put a 
stop to his constant letters and applications. 

However, the injector worked successfully, and the 
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water entered the boiler, but even tben people would 
not believe it. 

Mr. Giflfard explained that the action of his injector 
was similar to that of the blast-pipe in a locomotive : 
the rush of steam in that case formed a partial vacuum 
into which air was forced by the atmospheric pressure 
of about 15 lbs. per square inch. 

To explain his theory Giffard took a pressure of 100 
lbs. per square inch, and showed that a column of water 
2 3-10 feet high presses upon its base with a force oi 
1 lb. per square inch, therefore 100 lbs. pressure is equal 
to a pipe of water 230 feet high. 

Water from the bottom of a pipe 230 feet high would 
rush out at a speed of 121 1- feet per second, that is equal 
to no less a pace than 83 miles an hour. 

Let it be clearly understood that a boiler having a 
pressure of 100 lbs. per square inch is just balanced by 
a jet of water rushing at 83 miles an hour : it then be- 
comes certain that to overcome the steam in the boiler 
it is only necessary to increase the speed of the water to 
above 83 miles an hour, and the water will force itself 
into the boiler. 

It is a well-known fact that the steam pressure in 
the valve-chest of a locomotive is actually greater than 
it is in the boiler, this being due to the momentum with 
which the steam rushes past the regulator and down the 
steam pipe. 

In the same manner the velocity of the steam rush- 
ing through the injector is so great that it not only has 
force enough itself to rush back into the boiler, but also 
carries the water with it. 

Gifiard's patent has long since expired, and injectors 
are now made by various firms, principally by Messrs. 
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Ghresham and Craven, who have upwards of 100,000 of 
their construction of injector in use. 

Fig. 128 illustrates a section of the appliance, the 
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QVERTUaW 
Fig. 128.— DetaUs of Injector. 



steam valve, back pressure valve, stop valve, and regu- 
lator being plainly shown. 

The following are the instructions for working the 
Gresham combined injector : — 

(1) Open the water cock and turn on steam : 
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(2) If there is any oyerflow, close the water regula- 
tor until it ceases. The injector is then at work. The 
water cock should be kept closed when the injector is 
not at work. 

The water pipe can be drained to prevent freezing 
by closing the tender valve and opening drain cock 
fixed on water pipe. 

Should steam be blown into the tender through the 
injector, the water pipe must be drained to clear it of 
hot water. 

The back pressure valve must be kept ground tight 
upon its seat. This can be done, or the whole of the 
cones can be removed if required, whilst the boiler is 
under steam by first closing the stop valve. 

It is well known to engine-drivers that injectors will 
not work with very hot water, and in practice it is 
not advisable for the water in the tender to be heated 
to above 120 deg. 

Having thus considered the theory of the injector, 
we now turn to its practical results ; the annexed 
table shows the sizes 7 to 10 which are in general use 
on locomotives, and the number of gallons of water 
which each will supply per hour at pressures of from 
100 to 180 lbs., and of course if the quantity pel 
minute is required it is only necessary to divide the 
gallons by 60. 

TaBLB OnrZNO THB SiZB and DeLIYBHT of OOMSINATIOlf 

Imjbctobs. 

boilbb pbbssxtbb in lbs. fbb bauabb inch. 
Siwof 

iDJeotor 100 110 120 130 140 160 160 170 175 180 
in Milli- 
metxeg. dbliyert in gallons pbr hour at abovb pbbssubxs. 

7 .. 970 1,020 1,060 1,110 1,160 1,190 1,226 1,266 1,266 1,27» 

8 .. 1,270 1,330 1,390 1,460 1,600 1,660 1,600 1,640 1,656 1,670 

9 .. 1,610 1,680 1,760 1,830 1,900 1,970 2,030 2,080 2,100 2,120 
10 •• 1,980 2,080 2,170 2,290 2.360 2,430 2,600 2,660 2,585 2,610 
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VALVB OBAIL 

Reference has been made to several fonns of valve 
gear, for instance, those described at pages 45, 62, and 
Howe's celebrated link motion (page 87). Whatever 
form of gear is employed, when the driver *' reverses " 
the engine he moves one of the valves so as to open 
either the front or back port at pleasure. Now let ns 
trace the action qf the steam. Upon the regulator 
being opened, steam rushes from the dome or steam 
pipe down to the valve chest, where in consequence of 
the ''lead" the valve is about one-eighth of an inch open 
when the crank is upon the dead centre (the two 
cranks are always made at right angles, so that one is 
in a position to pull the other past its dead point). 
The steam having entered past the valve, rushes into 
the cylinder, and the period of '^ admission" com- 
mences ; the steam having forced the piston forward 
tor a distance of let us say eight inches, the valve 
closes and no more steam is admitted ; this is known 
us *' cut off" or point of ** suppression " ; and for the 
next part of the stroke the piston is not forced by 
fresh steam from the boiler, but by the ** expansion '' 
of the steam which is imprisoned in the cylinder. 

We will now suppose that "expansion" has done 
its work, and that the piston has been forced, say to 20 
inches : the period of ** release " then arrives, when the 
inside of the valve opens the port and permits the steam 
which has done its work to rush from the cylinder, 
through the inside of the valve to the exhaust port, 
and then up the blast-pipe and out of the -chimney. 
The " lead " of the valve causes it to open before the 
piston arrives quite at the end of its stroke; this 
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serves two good purposes : first, to form a cusliion to 
reduce the force of the advancing piston, and, secondly, 
to enable steam to be entering the cylinder early, ready 
for the next stroke. 

An express engine having wheels of 7 feet dia- 
meter, or 22 feet in circumference, passes over 88 
feet, or four revolutions, per second, when running at 
sixty miles an hour ; thus in one second of time, there 
must be " admission,'* " cut off," " expansion,*' ** ex- 
haustion," and " compression," no less than four times 
from each end of the cylinder, or a total of sixteen 
''beats" or exhausts of steam up the chimney per 
second. 

It is not necessary to tell engine-drivers that which 
they know perfectly well — ^namely, that to save steam, 
and consequently coal, they, by carefully regulating 
the valve-gear and " cutting-off " the admission of 
steam to the cylinder as early as possible^ can get 
the greatest amount of work and expansion out of 
the imprisoned steam in the cylinder. 

joy's valve gbar. 

The fundamental principle of this gear is that eccen- 
trics are entirely dispensed with, valve motion being 
obtained from a point in the connecting-rod, produced 
by a combination of two motions at right angles to each 
other, and by the various proportions in which these are 
combined, and by the positions in which the moving 
parts are set with regard to each other, it gives both 
the reversal of motion and the various degrees of 
expansion required. By utilising independently the 
backward and forward action of the rod, due to the 
reciprocation of the piston, and combining this with 
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the Tibrating action of the rod, a moyement results 
which is suitable to work the valves of engines allowing 
the use of any proportions of lap and lead desired. 

The main valve-lever is pinned to a link, one end of 
which is fastened to the connecting-rod, and the other 
end maintained in about the vertical position by a 
radius rod, which is fixed to the frame near to the lead- 
ing axle. The centre or fulcrum of the valve-lever 
partaking of the vibrating movement of the connecting-- 
rod, is carried in a curved slide. 

From the upper end of the valve-lever motion is 
communicated direct to the valve by the valve- rod. 
It will thus be evident that by one revolution of the 
crank the lower end of the valve-lever will have 
imparted to it two di£ferent movements, one travelling 
in length in consequence of the stroke, the other up 
and down in consequence of the revolution of the 
crank, these movements differing as to time, and cor- 
responding to the part of the movement of the valve 
required for lap and lead, and that part constituting 
the port opening for admission of steam. 

The former of these is constant and unalterable, the 
latter is controllable by the angle at which the curved 
slide may be set by the driver. Very many forms of 
valve-gear have been tried, but the ^' Link ** motion is 
the most satisfactory and gives the best results in 
practice. 
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RAILWAY SPEED. 

At the time of the Northern railway racings a number 
of readers expressed a wish that this yolume diould con- 
tain a Table of Speeds ascertained from mile distances, 
and the table* annexed is accordingly given : — 

RiiLWAY Spbed, Fbok TncB nr Ssoovds Bumrura One Mile. 



Time SpMdin Time .Spetdin 
im imletan in milMan 
Mooodi. hoar. | woonds. Jbtonx. 



Timt Speed in 
in nuleean 
■eoondi. hoar. 



Time [^;»eedin 
in miles an 
■eoonds. hour. 



36- 

36-36 

86-73 

37-11 

37-50 

37-89 ; 

38-30 

38-71 

39-13 

39-56 

40- 

40-46 

40-90 : 

41-38 

41-86 

42-35 

42-85 

43-37 

43-90 

44-44 

45- 

45-57 

46-15 

46-75 

47-36 

48- 



:100 
: 99 
: 98 
: 97 
: 96 
: 95 
: 94 
: 93 
: 92 
: 91 
: 90 
: 89 
: 88 
: 87 
: 86 
: 85 
: 84 
: 83 
: 82 
: 81 
: 80 
I 79 
: 78 
: 77 
= 76 
: 75 



48*64 = 74 
49-31 = 73 
50- = 72 
50-70 = 71 
51-42 = 70 
52-17 = 69 
52-94 = 68 
53-73 = 67 
54-54 = 66 
55-38 = 65 
56-25 = 64 
57-14 = 63 
58-06 = 62 
59-01 = 61 
60* = 60 
61-01 = 59 
62-07 = 58 
63-15 = 57 
64-28 = 56 
65-44 = 55 
66-66 = 54 
67-92 = 53 
69-23 = 52 
70-59 = 51 
72- = 50 
73-47 = 49 



75- = 48 

76-60 = 47 

78-26 = 46 

80- = 45 

81-82 = 44 

83-72 = 43 

85-71 = 42 

87-80 = 41 

90- = 40 

92-30 = 39 

94-74 = 38 

97-30 = 37 

100- = 36 

102-85 = 35 

105-88 = 34 

109-09 = 33 

112-50 = 32 

116-13 = 31 

2miii. ) 

1-20- f 

124-14 = 29 

128-57 = 28 

133-33 = 27 

138-46 = 26 

144- = 25 

150- = 24 



30 



156-52 

163-64 

171-43 

3mm.) 

180- f 

189-47 

200- 

211-77 

225- 

4mm. I 

240- f 

257-14 

276-92 

5mi]i. 

327-27 

6min. 

400- 

450- 

514-28 

lOmin. 

12 „ 

15 „ 

20 „ 

30 „ 

60 „ 



23 
22 
21 

= 20 

= 19 
= 18 
= 17 
= 16 

= 15 

= 14 
= 13 
= 12 
= 11 
= 10 
= 9 
= 8 
= 7 
= 6 
= 6 
= 4 
= 3 
= 2 
= 1 



* The table is, of course, obtained b^ the usual formula, namely, the 
seconds in one hour — ^that is 3,600~diyided by the time taken to run 
one mile ; and there can be no doubt that for timing very high speeds 
more exact results can be obtained from mile distances than from 
quarter-miles. 
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shire engines, 183, 223 
Pryce, Mr., designs for North 
London Engines, 182 

■RAILWAY race, 137, 139 

Railway speed, table of,. 

266 
Ramsbottom, Mr. John, 109 
Reversing by steam, 123 ; by air,. 

129 

O AND blast, 265 

^ Sharp, Roberts & Co., 54^ 
70, 203 

Sharp Brothers, 213 

Sharp, Stewart & Co., 169, 181 

South-Eastem engines, 154 

South Kensington Museum, en- 
gines preserved at : " Rocket, * * 
31 ; ** Sanspareil," 34 ; " Age- 
noria," 29 ; " Puffing Billy," 
10 

Speed table, 266. 

Speed, high, 99, 101, 193 

Steam springs, 14 

** Stevens," The, 189 

Stephenson, Mr. George, first en- 
gine, 13 ; Hetton engines, 18 ; 
engineer, Stockton and Dar- 
lington line, 19 ; drove " North- 
umbrian/' 36 ; the " Comet," 
44 ; the " Stephenson," 42 

Stephenson & Co., engines by, 
19, 23, 27, 30, 38, 69; 
"Standard," 67 
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182 
Stirling, Mr. Junce, 122, 154 
Stirling k Co., 78 
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opened, 19 ; eng^ea, 21 
Sturrock, 107, 216, 221 
Strondlej enginea by, 124, 

129 

'pABLE of speeds, 266; of 
Great Western RaUway 
^rst locomotives, faeimf 73 
Tank engine, 68 tons, 160. 
Tayleur & Co., 65. 202 
Ten-feet wheeli, 76, 206 
Ten-wheeled engines, 236 
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Theory of motion, 197 
Three-cylinder engines, 93, 240 
Thunderer, 206 
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Vortex blast pipe, 152 
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nington), 66 
*« Vnlcan" (Great Western), 201 
Vulcan Foundry, 65, 202 
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engines, 129, 138 ; on Cale- 
donian engines, 229 
Westinghouse * ' quick-acting " 

brake, 229 
Whistle, the first steam, 52 
Winby's design, a failure, 181 
Wilson, E. B. & Co., engines by, 

98, 212 • 
Wolverton, engines built at, 105, 

111,219 
Worsdell, Mr. W., designs for 

North-Eastem Engines, 148, 

180, 229, 238 
Worsdell, Mr. T. W., 147 
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MECHANICAL ENGINEERING, &c. 



THE MECHANICAL ENQINEER'5 POCKET-BOOK. 

Comprisins Tables, Fonnulae, Rules, and Data : A Handy Book of Reference 
for Daily XJse in Engineering Practice. By D. Kinnbar Clakk, M. Inst C.E., 
Fourth Edition. Small 8vo, 700 pp., bound in flexible Leather Cover, rounded 
comers 6/0 

Summary op Contents:— Mathbuatical tables.— Mbasurbmbnt op Sur* 
PACES AND Solids.— Engush and Foreign weights and Measures.— moneys.— 
SPECiPic Gravity, weight, and volume.— Manupactured Metals.— Steel Pipes, 
—bolts and Nuts.— Sundry articles in wrought and Cast Iron, Copper, 
Brass. Lead, tin. Zinc— Strength op Timber.— Strength op Cast Iron.— 

Strength op wrought Iron.— strength op Steei ^Tensile Strength op 

Copper, lead. &c— resistance of Stones and other Building Materials.— 
Riveted Joints in Boiler platbs.— boiler shells.- wire Ropes and hemp 
Ropes.— Chains and Chain Cables.— Framing.— Hardness op Metals, Alloys, and 
Stones.- Labour op animals.— mechanical principles.— GRAvmr and fall op 
Bodies.— accelerating and retarding forces.— mill Gearing, Shapting, Ac- 
Transmission op motive power.— Heat.— Combustion: fuels.— WARMtNc. Venti- 
lation, cooking stoves.— Steam.— Steam Engines and Boilers.— Railways.— 
Tramways.— Steam Ships.— Pumping Steam Engines and Pumps.— Coal Gas, Gas 
ENGINES, &c.— Air in motion.— Compressed Air.— Hot Air engines.— water 
power.— Speed of Cutting Tools.— Colours.— electrical engineering. 

" Mr. Claric manifests what is an innate perception of wliat is likely to be usefiil in a pockat. 
boolc, and he is reaUy.unrivaUed in! the art of condensation. It is veiy dUBcult to hk upon any 
iiMyhan'^a' engineerms^ subject concerning which tliis work supplies fino. information, and the 
ezcdlent index at the end adds to its utttitr. In <me word, it is an exceedingly handy and efficient 
Ux^ possessed of which the engineer win be sared many a wearisome calculation, or yet more 
weitfiM>me hunt through various text-books and treatises, and, as such, we can heartily tecommand 
It to our readers."— 7m Mngitutr. 

" It would be found difficult to compress more matter within a similar compass, or produce a 
book of 650 pages which should be more compact 6r convenient for pocket r s w ea c e. . . . WiU 
be appredateoby mechanical engineers of all clames. "—PraMcal Btqiinttr, 



CROSBY LOCK WOOD A- SON*S CATALOGUE. 



MR. HUTTON'8 PRACTICAL HANDBOOKS. 



THE W0RK5* MANAGER'S HANDBOOK. 

Comprising Modern Roles. Tables, and Data. For Engineers, Millwrights, 
and Boiler Makers ; Tool Makers, Machinists, and Metal Workers ; Iroo and 
Brass Founders, &c. By W. S. Hutton, Civil and Mechanical Engineer, 
Author of *'The Practical Engineer's Handbook." Sixth Edition, carelnUy 
Revised, with Additions. In One handsome Vohime, medium 8vo, strongly 
bound. ijust PnHuh^. 16/0 

Wf^ Th$ Author having compiUd RuUs and Data/or his <mn ussina gttai 
ffatinyof motUm tngimmnr work, and havinf[ found hu noUs txtnm$ly uufid, 
dscid$d to ^tish thsm—r$vts*d to dat^—Miivtmg thai a tracHcal work, suiua to 

th« DAILY KBQUIRKMBNTS OP MODBKM BNGINBSKS, WHtuld M faVOUrably r^cHvd, 

"Of ' ' muf f«ti«*t tbo KiirfvcLAtl^* i^itiiirkf »« DAclc upon the ^ rjt and third. 

Since the > ^.i uxr- iitt«r Yvrv ^oiwtWattlr uodiiicatkifii hi*^ l>a«fi ut^Jr, J^tbovgh the 

tot«lnum1 ' i innnAiiL& dlnnjct ihm um*, Jt tnJL rerr kiscful CoAbcHoO iA mks, tables, and 

workshop - inu ikffwL* il^u. "— Tht Bm fim mK M*t ia, i*«- 

"Tl ■■ :iti*tt TWflry %u\r\^A fh>m lb* palm of rie* of on* ^Im bat coUecti^ , 

notes fori In wurkit^uf fmrtic«, r^htr rl-An iftom \h< iliLnarvdc*! oi lltBrvy »pecL The 

volume CO •■, .»( <|pjd nf iKitt JciAd E^f 'itiii^rmni^in mhvh i^ e^nrH^ ^i%\y by pir^ctlical experience, 

and is lek ■> tn tmrki..^— tht En^nw**-. J unt 5^ 18(13 

..,.., , _..,.:* '*S^'' » 

a desirabh '^.i im«'iti i^ tEip in>nirv ttui only of tbe war«s' «aiug«t, b^jt af vi> aac connected 
general eni' 1 ■ *"r nnif . "— hti »*Hf jrvt-HUi, 

"BriiiiFii] ol uwtij] InrormaltDii, Uatfrd (n ■ conclK fDitn, Ht. Itiittvh'l txiicilm have BM 
pressing ^ 'iit nnion^ aiijfluiiavn. Tbfi Ixiolt must prove aitninely uiolul to ^rtty pnctlcal I 
po«ea«nff a. cojiyH ">— /'« 't^h. j ! p*^i- iHit* . 



" T1 < L» jui dc'voltDiflr ukTuI onev i'riiuifuS wwh tnptsjux't not«, m«UDranda, and 

rules, and •^■- n w. ,1 chy cpf hsitt^f ttn e^ery mec^Aifl^a) en^oef^t bcKitsbelf " — MtcMunitrnJ IfprU. 
" Tl ' iLsfi Mii.Hi'Hi K iir«:iMly th*t Hke)}- tu I* mulfvd in pf»ctke, * . ^ Tli* work focms 



THE PRACTICAL ENQINEBR'5 HANDBOOK. 

Comprising a Treatise on Modem Engines and Balers, Marine, Locomotive, 
and Stationary. And containing a large collection of Rules and Practical 
Data relating to Recent Practice in Designing and Constructing all kinds ol 
Engines, Boilers, and other Engineering work. The whole omstituting a com> 
• " • - iofTi • • • " • • - - .- 



prehensive Key to the Board of Trade and other Examinations for Certificates 
of Competency in Modem Mechanical Engineerins. By Walter S. Hutton, 
Ci^^l and Mechanical Engineer, Author 01 " The Works' Manager's Handbook 



of Competency in Modem Mechanical Engineerins. By Walter S. Hutton, 
Ci^^l and Mechanical Engineer, Author 01 " The Works' Manager's Handbook 
for Engineers," &c. With upwards of 420 Illustrations. Sixth Edition, 



Revised and Enlarged. Medium 8vo, 560 pp., strongly bound. 

[Just Publishsd. 18/0 

B9*> This Work is disigmd as a companion to thi Author's "Works' 
Manager's Handbook." It poss§ssss many nsm and original ftaturss, and con- 
tains, lik$ its ^rtdtctssor, a quantity of matter not originally inUnasdfor publication 
but colUcttd oy th« Author for hu own uuinth* construction ofagruU vari§ty of 
Modern Engineering Work. 

Th» information is erivtn in a cond$ns$d and conciss form, and is illusiratsd by 
upwards 0/ 490 lUustrattons; and comprises a quantity of tabulatsd matter of grtai 
valus to all sngagsd in d4signing, constructing, or estimating for Engines, Boilers, 
mnd other Engineering Work. 

"We have kept it at hand /or sereral weeks, referrincr to It as occasion arose, and we hare not 
on a single occasion consulted Its pages without finding the Information ef which we were in quest" 

" A thoroughly good practical handbook, which no engineer can go through without l^nrring 
something that will be of service to him."— AfarfM Engineer. 

" An excellent book of reference for engineers, and a valuable text-book for students of 
englneefing."— ^S£w/:rma«. 

"This valuable manual embodies the results and expeiieoce of the leading authorities on 
mechanical engineering."— ^»tf<i^»^ A'm/J. 

" The author has collected together a surprisii^ quantity of rules and practical data, and has 
shown much Judgment in the selections he has made. . . . There is no doubt that this bookis 



one of the most useful of its kind published, and will be a very popular compendium."— fi^MKr. 

" A mass of information set down in simple language, and in such a form that It can be eady 

referred to at any time. The matter is uniformly good and well chosen, and is greatly elucidated 



by the illustrations. The book will find its way on to most eiq^eers' shelves, where it wiU rank as 
one of the most useful books of reference."— /VacM^/ Bngineev, 

" Full of useful information, and shoukl be found on the oflke shelf of all practical englaeats. 
^English Mechanic. 
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MR. HUTTON'8 PRACTICAL HANDBOOK8-co««««#</. 



5TEAM BOILER CONSTRUCTION. 

A Practical Handbook for Engineers, Boiler-Maken^ and Steam Users. 
Containing a large Collection of Rules and Data relating to Recent Practice 
in the Design, Construction, and Working of all Kinds of Stationary, Loco- 
motive, and Marine Steam-Boilers. By Walter S. Hutton, Civil and 
Mechanical Engineer, Author of " The Works' Manager's Handbook," " The 
Practical Engineer's Handbook." &c. With upwards of 500 Illustrations. 
Third Edition, Revised and mucn Enlarged, medium 8vo, cloth . . 1 8/0 
B^*" This Work is issued in continuation of ths Sitiss of Handbooks written 
^thsA uthoTt vix. ;— " The Works' Manager's Handbook " and " The Practical 
Engineer's Handbook," which art so highly apprtciattd by inginesrs for tht 
practical naturt of thtir information ; and is consequently written in the same style 
as thou works. 

The Author brieves that the concentration, in a convenient form for easy 
reference, of such a large amount of thoroughly practical in/ormatum on Steam- 
Boilers, wiU be of considerable service to those for whom it is intended, and he trusts 
the book may be deemed worthy of as favourable a reception as has been accorded to 
its predecessors. 

" i.anc ut Thh^ l:^;. If nut the W-^z, books on boilers that has erer been published. The infor- 
mation is. of the ftghc kind, iit a stiuv'te and accessiUe form. So for as generation is concerned, this 
Is, uCuloubExnlly, Che ^.indaTii hoo]L mi steam practice."— EUcirical ReTntv. 

^' Hveiy detail, ttath in bciiler design and management, is clearly laid before the reader. The 
VDhgine ^hcin^ tKut hoUer comttnicLEoR has been reduced to the condition of one of the most exact 
Klenccii : and mch a honic is, uf tJie utmost value to the /In dt siicle Engineer and Worlcs Manager." 

" Thiiiv has loa^ b«En irami Tnr a modem handbook on steam boQers ; there is not that room 
nawy becau&e Mf« tfuttun has ^ed it. It Is a thoroughly practical book for those who are occupied 
te tbe ctmstnictidn, dwiffo, seiectir.n, tt use of boilers."— i?f^'M«<r. 

** Ttafe bixtit \% or^' lriir>cfTfUi( -Lrtd comprehensive a character that it must find its way into the 
UbTDfJcs of «vcry unu Intctcstiid in boiler using or boiler manufacture if they wish to be thoroughly 
itifontuid. ^Vo ficron^y EKH^otniDaHiiJ the book for the intrinsic value of its contents."— AforAt'M^rjr 



PRACTICAL MECHANICS* WORKSHOP COMPANION. 

Comprising a great variety of the most useful Rules and Formulae in Mechanical 

Science, with numerous Tables of Practical Data and Calculated Results for 

Facilitating Mechanical Operations. By William Templeton, Author of 

" The Engineer's Practical Assistant," &c., &c. Eighteenth Edition. Revised, 

Modernised, and considerably Enlarged by Walter S. Hutton, C.E., Author 

of "The Works' Manager's Handbook,'^ "The Practical Engineer's Hand- 

book," &c Fcap. 8vo, nearly 500 pp., with 8 Plates and upwards of 250 lUus* 

trative Diagrams, strongly^bound for workshop or pocket wear and tear . Q/Q 

" In its modernised form Hutton's ' Templeton ' should have a wide sale, for it contains much 

valuable information which the mechanic will often find of use, and not a few tables and notes which 

he mkfht look for in vain in other worlcs. This modernised edition will be appreciated by all who 

have learned to value the original editions of * Templeton.' "—English Mechanic. 

** It has met with great success in the engineering workshop, as we can testify ; and there are 
a great many men who, in a great measure, owe their rise in life to this little \>oo)L."—Buiidiftg 
News. 

"This familiar text-book— well known to all mechanics and engineers— Is of essential service 
to the every-day requirements of engineers, millwrights, and the various trades connected with 
engineering and building. The new modernised editk» Is worth its weight In fpM."— Building 
News. (Second NotfceT 

" This well-known and largdy-used book contains Information, brought up to date, of the 
sofft so useful to the foreman and dnughtsman. So much fkesh Information has been introduced as 
to constitute it practically a new book. It will be largely used in the office and workshop."— 
Mechanical IVortd. 

"The publishers wisely entrusted the task of revision of this popular, valuable, and useful 
bo(A to Mr. HuttoD, than whom a more competent man they could not have round."— A-mi. 



BNQINEBR'5 AND MILLWRIGHT'S ASSISTANT. 

A Collection of Useful Tables, Rules, and Data. By William Templeton. 
Eighth Edition, with Additions. zSmo, cloth 2/6 

"Occupies a foremost place among books of tUs kind. A more suitable present to an 
apprentice to any of the mechanical trades could not possibly be vcaAe.*— Building News. 

" A deservedly popular woric It shoukl be in tiie * drawer ' of every mechank."— i7M?/<rA 
Mechanic. 
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THE MECHANICAL ENGINEER'S REFERENCE BOOK. 

For Machine and Boiler Conttmctioa. In Two Parts. Part I. Gbmbkal 
Engihbbring Data. Part II. Boilbk Construction. With 51 Plates and 
numerous Illustrations. By Nelson Folbt, M.I.N. A. Second Bdition, 
Revised throughout and mudi Enlarged. Folb, halMxrand, net . 4S3 8s« 

PART I.— MBASURBS.— CntCUMFBRBNCBS AND ARBAS. ftc. SQUABBS, CUBBS. 
FOURTH POWBRS.— SQUARB AND CUBB ROOTS.— SURFACB OP TUBBS.— RBCIPROCALS.— 

LocARrrHMS. — MBNsu ration.— Specific gravities and Weights.— Work and 
Power.- Heat.— Combustion.— Expansion and Contraction.— Expansion op 
Gases.— Steam.— static Forces.- Gravitation and Attraction.— Motion and 
Computation of Resulting Forces.- Accumulated Work.— Cbntrb and Radius 
OP Gyration.- MOMENT of Inertia.— Centre of Oscillation.— ELECTRicmf.— 
Strength of Materials.— Elasticity.— test Sheets of Metals.— Fricthw.— 
Transmission of Power.— Flow of Liquids.— Flow of Gases.- Air Pumps. Surface 
Condensers, arc— Speed of stbamships.—propbllbrs.— Cutting Tools.— Flanges. 
—Copper Sheets and Tubes.— screwsl Nuts. Bolt Heads. &c— Various Recipes 
AND Miscellaneous Mattbr.— With DIAGRAMS for Valvb-Gbar. Belting and 
Ropes, discharge and Suction pipes, screw propellers, and copper pipes. 

part II.— Treating of Power of Boilers.- Useful Ratios.— Notes on 
Construction. — Cylindrical Boiler Shells. — Circular Furnaces. — Flat 
Plates.— stays. — Girders.— Screws. — Hydraulic Tests. — rfveting. — boiler 
Sbtting. chimneys, and Mountings.— Fuels. &c.— examples of Boilers and speeds 
OF STEAMSHIPS.— Nominal and Normal hor.<«b power.- With diagrams for all 
BoiLBR Calculations and drawings op many varieties of Boilbrs. 

" Mr. Foley It weU fitted to compile such a work. . . . The diagrams are a great fc atui e 
of the work. . . . Regarding the whole work, it may be very fairly stated that Mr. Foley has 
produced a volume which will undoubtedly ftiUU the desire of the author and become indlspensahto 
to an mechanical engineers."- Af«Hw« Enginttr. 

" We have carefully examined this work, and pronounce it a most excdient reference book 
for the use of ouurine engineers."— y#MrM«/ ^^Amtrtemn Sceitty ^Nmffmt Engituers, 

COAL AND SPEED TABLES. 

A Pocket Book for Engineers and Steam Users. By Nelson Folbt, Author 
of " The Mechanical Engineer's Reference Book." Pocket-size, cloth . 8/6 

TEXT-BOOK ON THE STEAM ENGINE. 

With a Supplement on Gas Engines, and Part II. on Hbat Enginbs. By 
T. M. Goodbvb, M.A., Barrister-at-Law, Prc^essor of Mechanics at the Royal 
College of Science, London ; Author of " The Principles of Mechanics," " 'Die 
Elemenu of Mechanism, "&C. Fourteenth Edition. Crown 8vo, cloth . 6/0 
" Professor Goodeve has given us a treatise on the steam engine which wHl bear compaiboa 
with anything written Yxy Huxley or Maxwell, and we can award it no higher praise."— £»tfitMMr. 

ON QAS ENGINES. 

With Appendix describing a Recent Engine with Tube Igniter. By T. M. 

Goodbye, M.A. Crown 8vo, cloth 2/6 

" Like all Mr. Goodeve's writings, the present is no exception in pcdnt of general excdlence 
It is a valuable Uttle y<Avaa»,"^M«chanicat IVorld. 

THE GAS-ENGINE HANDBOOK. 

A Manual of Useful Information for the Designer and the Engineer. By E. W. 
Roberts, M.E. With Forty Full-page Engravings. Small Fcap. 8vo, leather. 

[Just Published. Net 8/6 

A TREATISE ON 5TEAM B0ILER5. 

Their Strength, Construction, and Economical Working. By R. Wilson, C.E. 

Fifth Edition. lamo, cloth 6/0 

" The best treatise that has ever been published on steam \ioaers."^En£ineer. 
"The author shows himself perfect master of his subject, and we heartilv recommend aM 
employing steam power to possess themadves of the wotk."^JiyUuues Iron Trad* Ciratlar. 

THE MECHANICAL ENGINEER'S COMPANION 

of Areas, Circumferences, Decimal Equivalents, in inches and feet, millimetres, 
squares, cubes, roots, &c. ; Weic^ts, Measures, and other Data. Also Prac* 
tical Rules for Modem Engine Proportions. By R. Edwards, M.Inst.C.E. 
Fcap. 8vo, cloth. [Just Published. 3/6 

"A very useful little volume. It contains many tables, classified data and memoranda 
generally useful to engineers '—Eng inter. 

" What it professes to be, * a handy office companion,' giving tn a succinct form, a variety of 
Information likely to be required by engmeers tn tiieir everyday office woA,"—Naiun, 



MECHANICAL ENGINEERING, Sh:. 



A HANDBOOK ON THE 5TEAM BNQINB. 

With especial Reference to Small and Medium-sized Engines. For the Use of 
Engine Makers, Mechanical Draughtsmen, Engineering Students, and users 
of Steam Power. By Herman Habdbr, C.E. Translated from the German 
with considerable additions and^alterations, by H. H. P. Powles, A.M.I.C.E., 
M.I.M.E. Second Edition, Revised. With nearly i,ioo Illustrations. 
Crown 8vo, cloth Q/O 

" A perfect encyclopaedia of the steam engine and its details, and one wliich must take a pet- 
manent p^e in English (uawing-offices and workshops."— yf Foreman Pattern-maker. 

" This is an excellent book, and should be in the hands of all who are interested in the con- 
struction and design of medium-sized stationary engines. ... A careful study of its contents and 
the arrangement of the sections leads to the conclusion that there is probably no other book like it 
in this country. The volume aims at showing the results of practical experience, and it certainly 
may claim a complete achicTement of this l^ta."— Nature, 

BOILER AND FACTORY CHIMNEY5. 

Their Draught-Power and Stability. With a ch^ter on Lightning Conductors, 
By Robert Wilson, A.I.C.E., Author of " A Treatise on Steam Boilers," &c. 

Crown 8vo, cloth 3/6 

" A valuable contribution to the literature of scientific building."— FAe Builder . 

BOILER MAKER'5 READY RECKONER & A55I5TANT. 

With Examples of Practical Geometry and Templating, for the Use of Platers, 
Smiths, and Riveters. By John Courtney, Edited by D. K. Clark, 
M.I.C.E. Third Edition, 480 pp., with 140 Illustrations. Fcap. 8vo . 7/0 
" No workman or apprentice should be without this l>ook."— /r^w Tr€uU Circular. 

REFRIGERATION, COLD STORAGE, & ICE-MAKING: 

A Practical Treatise on the Art and Science of Refrigeration. By A. J. 
Wallis-Tayler, A.M.Inst.C.E., Author of '* Refrigerating and Ice-Making 
Machinery." 600 pp., with 360 Illustrations. Medium 8vo, cloth. 

ijust Published. Net-iSlQ 

" The author has to be congratulated on the completion and production of such an impor- 
tant work and it cannot fail to have a large body of readers, for it leaves out nothing that would in 



any way be of value to those interested in the suhiBcV— Steamship, 
•• No one whose duty it is to handle the mammoth preservinor ii 
can afford to be without this valuable hook.."— Glasgow Herald. 



No one whose duty it is to handle the mammoth preserving installations of these latter days 



THE POCKET BOOK OF REFRIGERATION AND ICE- 

MAKINO FOR 190a. 

Edited by A. J. Wallis-Tayler, A.M.Inst.C.E. Author of "Refrigerating 
and Ice-making Machinery," &c. With Diary and Almanac. Small Crown 
Svo, cloth. \Just Published. Net 2/6 

REFRIGERATING A ICE-MAKING MACHINERY. 

A Descriptive Treatise for the Use of Persons Employing Refrigerating 
and Ice-Making Installations, and others. By A. J. Wallis-Tayler, 
A.-M. Inst. C.E. Third Edition, Revised and Enlarged. With Illustrations. 
Crown Svo, cloth. [Just Published. 7/6 

" Practical, explicit, and profusely illustrated."— G/tw^^w Herald. 

" We recommend the book, whicn gives the cost of various systems and illustrations showing 
details of parts of machinery and general arrangements of complete mstallations."— ^m«A^. 

" May be recommended as a useful description of the machinery, the processes, and of the 
facts, figures, and tabulated physics of refrigerating. It is one of the best compilations on the 
subject. —iSM|fi»Mr. 

TEA MACHINERY AND TEA FACTORIES. 

A Descriptive Treatise on the Mechanical Appliances required m the Cultiva- 
tion of the Tea Plant and the Preparation of Tea for the Market. By A. J. 
Wallis-Taylbr, A..M. Inst. C.E. Medium Svo, 468 pp. With aiS 
lUustiations. \Just Published. Net 25/0 

" When tea planting was first introduced into the British possessions little, if any, machinery 
was employed, but now its use is almost universal. This volume contains a very full account of the 
machinery necessary for the proper outfit of a factory, and also a description or the processes best 
carried out by this machinery. "•^y^Mrwa/ Sociely <(f Arts. 



CROSBY LOCKWOOD S- SON'S CATALOGUE. 



BNQINBBRINQ B5TIMATE5, COSTS, AND ACCOUNTS. 

A Guide to Commercial Engineering. With nnmeroos examples of Estimates 
and Cosu of Millwright Wonc, Miscellaneous Productions, Steam Engines and 
Steam Boilers; and a Section on the Preparation of Costs Accounts. By 
A Gbnbral Manager. Second Edition. 8vo, cloth. [Just Publishsd, 12/0 
" TMs to an ezceOent and veiy uaaftil book, cowing subject-matter In constant raqotoitian In 

•verjr tactotf and workshop. . . . The book to InrahiaEle. not ooljr to tbe jroung engbeer. but 

■Im to the ostfanate depaitmeot ofeverr wocks."— J^M^Mrr. 

" We accord the work unqoalUied pralsa. The InfotmatkNi to ghren In a plain, straightforward 

■MHMT, and bean throt^fhoot eyfclance of the Intiaiate practic al acqu aintan ce of the author with 

•very phase of comnecdd •nglneerinc.''--J#'<r*#w<r»/ iv»rld, 

AERIAL OR WIRB-ROPB TRAMWAY5. 

Their Construction and Management. Bt A. J.Walus-Tatlbil, A.M.Iiist.C.E. 



With 8i Illustrations. Crown 8vo, doth. [/m/ Fuilisktd, 7/6 

" Thto to in its way an excellent rohune. Without going Into the minutiae of 
yet lays before its readers a very good exporition of the vanous syttems of rope transi 
and gives as well not a little valuable information about their working, repidr, and 
We can safely recoounend it as a useful general treatise on the subject."— rA< Enginter. 

MOTOR CARS OR P0WER-CARRIAQE5 FOR COMMON 

ROAD5. 

By A. T. Walus*Tatlsr, Assoc. Memb. Inst. C.E., Author of "Modem 
Cycles, &c aia pp., with 76 Illustrations. Crown 8vo, cloth . 4/6 

" Mr. WaHis-Tayler's book to a welcome addition to the literature of the subject, as it to the 
production of an Eiurbtecr. and has not been written with a view to assist in the promotion <rf 
companies. . . . The book to clearly expressed throughout, and to just the sort of woric that 
an mgineer, thinking of turning bto attention to rootor<arriage work, would do weD to read as a 
preliminary to starting o^ptnXiaa%."~-Em£itutri$tg, 

PLATING AND BOILER MAKING. 

A Practical Handbook for Workshop Operations. By Josbpm G. Hornbr, 

A.M.I.M.E. 380 pp. with 338 Illustrations. Crown 8vo, cloth . 7/6 

" The latest production fkom the pen of thto writer to characteitoed by that evidence of cloae 

acquaintance with workshop methods whkh will render the book exceedingly acceptable to Uie 

practical hand. ... A practical handbook on a subject which has not hmierto received much 

attention from those qualified to deal with it la a sattofectory taaxaMt.''—Mtckanical If^prld, 

PATTERN MAKING. 

A Practical Treatise, embracing the Main Types of Engmeering Construction, 
and including Gearing, both Hand and Machine*made, Engine Work, Sheaves 
and Pulleys, Pipes aiKi Columns, Screws, Machine Parts, Piunps and Cocks, 
the Moulding of Patterns in Loam and Greensand, &c, together with the 
methods of estimating the weight of Castings ; with an Appendix of Tables for 
Workshop Reference. By Joseph G. Hornbr, A.M.I.M.E. Third Edition, 
Enlarged. With 486 Illustrations. Crown 8vo, cloth . . . Net 7/6 
" A wdl-written technical guide, evidently written by a man who understands and has prac- 
tised what he has written about. . . • We conuaUy recommend it to en gin e er i n g students, young 
foameymen, and others desirous of being initiated into the mysteries of pattern-making."— J9M</Ukr. 
** An excellent vad* ttucum for the apprentice who denrei to become master of hto trade." 
—B$tgHsh Mtckanic. 

MECHANICAL ENGINEERING TERMS 

AiOckwood's Dictionary oO* Embracing those current in the Drawing Office, 
Pattern Shop, Foundry, Fitting, Turning. Smiths', and Boiler Sh(^>s, &c Com* 
TOising upwards of 6,000 Definitions. Edited by J. G. Hornbr, A.M.I.M.E. 

Third Edition, Revised. Crown 8vo, cloth Net 7/6 

" Just the sort of bandy dictionary required hf the various trades engaged in mechanical en- 
gineering. The practical engineering pupQ win find the book of great value m hto studies, and every 
foreman engineer and mechanic should have a copy"— Buildin^r News, 

TOOTHED GEARING. 

A Practical Handbook for Offices and Workshops. By Joseph Hornbr, 

A.M.I.M.E. With 184 Illustrations. Crown 8vo, cloth . . . 6/0 

" We must give the book our unqualified praise for its thoroughness of treatment, and we can 

heartily recommend it to all interested as the most practical book on the subject yet written."— 

Mechanical fVerld. 

FIRE5, PIRE-ENGINE5, AND FIRE BRIGADES. 

With a Histcnry of Fire-Engines, their Construction, Use, and Manage- 
ment ; Foreign Fire Systems ; Hints on Fire-Brigades, &c By Charlbs 

F. T. Young, C.E. 8vo, cloth £1 4s. 

** To such of our readers as are interested fai the sub'ect of fires and fire apparatus we can 
most heartily commend thto hofok."~-Engi$ueriHt. 



MECHANICAL ENGINEERING, <^. 



AjgRIAL NAVIGATION* 

A Practical Hand be ok on the Construction of Dirigible Balloon!:, Aeiostats, 
ASrop'anes^ and Aeremotors. By Frbderick Walker, C.E., Associate 
Member or the Aeronautic Institute. With 104 Illustrations. Large Crown 
8vo, cloth. [Just Publishid, Net, 7IQ 

8T0NE-W0RKINQ MACHINERY. 

A Manual dealing with the Rapid and Economical Conversion of Stone. With 

Hints on the Arrangement and Management of Stoat Works. By M. Powis 

Balb, M.I.M.E. Second Edition, enlarged. Crown 8vo, cloth . . Q/O 

" Should be In the hands of erery mason or student of stonework."— C#//^ry GuartUan. 

"A capital ha ^" ^ ^ "' 

MadUMoyJirmrAet, 



A aupltal handbook for all who manipulate stone for buttding or ornamental purposes."— 
y MmrktU 

PUMP5 AND PUMPING. 

A Handbook for Pump Users. Being Notes on Selection, Construction, and 

Management. By M. Powis Bale, M.I.M.E. Fourth Edition. Crown 

8vo, cloth. [JustPublishtd. 3/6 

**The matter l« set fortii as concisely as possible. In bet, condensadcm rather than difftise- 

neas has been the author's aim throughout ; yet he does not seem to have omitted anythfaig likely to 

be of va9."~~3raumai 0/ Gas Lighting. 

MILLINQ MACHINES AND PROCESSES. 

A Practical Treatise on Shaping Metals by Rotary Cutters. Including 
Information on Making and Grmding the Cutters. By Paul N. Hasluck, 
Author of " Lathe* Work." 359 pp. With upwards of 300* Engravings. Large 

crown 8vo, cloth l2/o 

" A new departure In engineering literature. . . . We can recommend this work to all in* 
terested in milling machines ; it is what it professes to be— a pfactical Xxe:ASsib,"—EHginter. 

" A capital and reliable book which will no doubt be of considerable service both to those 
who are already acquainted with the process as weU as to those who contemplate its adoptioo.'*.- 
iMtkutrits, 

LATHE-WORK. 

A Practical Treatise on the Tools, Appliances, and Processes employed in 

the Art of Turning. By P.N. Hasluck. Seventh Edition. Crown 8vo. 6/0 

" Written by a man who knows not only how work ourtit to be done, but who also knows how 

to do H, and how to convey his knoiHedge to others. To aUtumers this book would be vahiabte."— 

Sngineeritig. 

" We can safoly recommend the woric to young engineers. To the amateur It will simply be 
invaluable. To the student it will convey a great deal of useftii infonnation."— f MiftfMccr. 

SCREW-THREADS, 

And Methods of Producing Them. With numerous Tables and complete 

Directions for using Screw-Cutting Lathes. By Paul N. Hasluck, Autht r 

of " Lathe-Work," &C. Fifth Edition. Waistcoat-pocket size .1/6 

" FuU of useful infonnation, hints and practical criticism. Taps, dies, and screwing tools 

generallv are illustrated and their actions descnhed."— Mechanical JVorld. 

" It is a comi^ete compendium of all the details of the screw-cutting lathe ; In £act a m$tUH$r. - 
<»^nw <Hi all the subjects it treats upon."— Caf^^ew/rr and BuiUkr. 

TABLES AND MEMORANDA FOR ENGINEERS, 

MECHANICS, ARCHITBCTS, BUILDBRS, &c. 

Selected and Arranged by Francis Smith. Sixth Edition, Revised, including 

Electrical Tablbs, FoRMULiS, and Memoranda. Waistcoat-pocket size, 

Ump leather. [Just Publ$sh$d. 1/6 

" It would, perliaps, be as difficult to make a small pocket-book selection of notes and fonnulae 

to suit ALL engineers as it would be to make a universal medicine ; but Mr. Smith's waistcoat- 



pocket collection may be looked upon as a successful attemot."— Engineer. 

" The best example we have ever seen of 070 pages of useful matter packed Into the dlmm- 
skms of a card-case."— ^m^M^^v' News. " A vemable pocket treasury of knowledge."— /r^r. 



POCKET QL055ARY OP TECHNICAL TERMS. 

English-French, French-English ; with Tables suitable for the Architectural, 

Engineering, Manufacturing, and Nautical Professions. By John Jambs 

Fletcher. Third Edition, aoo pp. Waistcoat-pocket size, leather . 1 /6 

" It is a very great advantage for readers and correspondents in France and England to ha\e 

sj large a number of the words relating to engineering and manufacturers collected m a HUiputlan 

volume. The little book will be usefulboth to studenu and travellers."— ^rcAtiScc^ 

" The glossary of terms is very complete, and many of the Tables are new and well arranged. 
We coffdiaUy commend the hooii."— Mechanical IVtrtd 
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THE BNQINEER'8 YEAR BOOK FOR 190a. 

ComprUnf Formula, RoIm, Tables, Data and Memoranda b Gvil, Mechanical, 
Elec&ical, Marine and Mine Engineering. Bj H. R. KkmpBjA.M. Inst CE., 
M.I.E.E., Principal Technical Officer, Engineer-in-Chief 's Office, General Post 
Office, London, Author of **A Handbook of Electrical Testing," "The 
Electrical Engineer's Pocket-Book," &c With z,ooo Illustrations. spedaUv 
Engraved for the work. Crown Svo, 900 pp., leather. [Just PubUihsd. 8/0 
**Keaip«% Yaar Bjok redly requires no comaMndadoo. Its qibere of usefulness is widely 
kaown, and k is ueed by engineers ttte world over."— TVk* StiginM r, 

"Tlie volnaM Is <Ms l lat lly In edvnce of most ilinlUr pubttcations b tliis country."— 



*« This valuable and weO-dedgned book of tefmnce meets the demands of aB descriptkias of 

MS."— <Se«Mn^y JC^Wrw. 

** TeeoH with up^o-date lafonaetloa In evety branch ol eoAlaeeriag and c<mHni ctlon.'''^ 
Bmt m n 'Ntms. 

**The needs of the anglnearing profcadon could hardly be soppBed b a mote admirable. 
c ei p la l s and convenieat fonn. To say that Itmofe thansnstafais ancomparlMiis IspcabeoftiM 
Wghast sort, and that may Justly be saldof it"-irtM*ir y*tmml. 

**Th«fe Is certainty room for the newcomer, whkh sappUas etplanartons and diractloos, as 
weO as fcrmolm and tables. It dsss i is s to become one of the aaost s u c ce a sfti l of the tedmlcal 
•Mwals.-'-v«frvJMM: 

** Brinfs tofether with great skill all the technical faifomatioa which an engineer has to use 
day by day. It Is In every w«y admirably equipped, and to sure to prove l uce es sftiX "- Sc rt tmmm , 

** The np-tP- d a t iasM of Mr. Kempe*S com p ila t ion to a quaMty that will not be lost on the bn^ 
people fw whom the work to faitended."— {^Auyvw Htrald, 

THE PORTABLE ENGINE. 

A Practical Manual on Its Coostructton and Management. For the use 
of Owners and Users of Steam Engines generally. By Wiixiam Dvsom 

WANtutouGH. Crown 8vo, cloth 8/6 

** Thto to a work of vahm to those who use steam machinery. . . . Shoukl be read by every 
one who has a steam engine, on a turn or dsewhera. "—ifer4 Lmm Bt^rus, 

** We cordially commend thto work to buyers and owners of steam-engines, and to those who 
have to do with their conatructkm or use."— rtfmArr Trmdtt yvtumml 

" Such a general knowledge of the steam-engine as Mr. Wansbrough ftimlshes to the r eade r 
Shoald be acquired by all intelligent owners and others who use the steam-engine."— iffM^Mfntf'^rwv. 
**Anexceilsnttezt-bookof thto usefiil form of engfaie. The *IUnts to Purchasers 'contain a 
good deal of common-sense and practical wisdom. "^fiv'A^* Mtekm$ti€. 

STATIONARY 5TEAM ENQINE5. 

Their Care and Management. By Charles HuasT, Autnor of *' Valves and 
Valve Geariag " Crown 8vo. {In the press. 

IRON AND STEEL. 

A Work for the Forge, Foundry^ Factory, and Office. Containing ready, 
useful, and trustworthy Informauon for Ironmasters and their Stock*takers : 
Managers of Bar. Rail, Plate, and Sheet Rolling Mills; Iron and Metal 
Founders; Iron Ship and Bridge Builders; Mechanical. Mining, and Con* 
suiting Engineers ; Architects, CcMitractors, Builders, &c. By Charles Hoarb, 
Author of^'The Slide Rule," &C. Ninth Edition, aamo, leather . 6/0 

** For comprehensiveness the book has not iu equal"— /r«». 

" One of the best of the pocket books."— ^M^/tiA Mechanic. 

CONDENSED MECHANICS. 

A Selection of FormulsB, Rules, Tables, and Dau for the Use of Engineering 

Students, &c. By W. G. C. Hughes, A.M.I.CE. Crown 8vo, doth . 2/6 

** The book to well fitted for those who are either conftonted with practkal proUems tai 

their work, or are preparing for examination and wish to refresh their Imowleoge by going throu|^ 

their formulm again."— JWarto^ Eti^iMccr. 

THE SAFE U5E OP STEAM. 

Containing Rules for Unprofessional Steam Users. By an Engineer. Seventh 
Edition. Sewed 6d. 

** If steam-users would but learn thto little book by heart, boiler ezpfosions would become 
senmtlons by their rarity."— iSr»v/A* Mechanic, 
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THE LOCOMOTIVE ENGINE. 

The Antobiography of an Old Locomotive Engine. By Robert Weather* 
BURN, M.I.M.E. With Illustrations and Portraits of George and Robert 
Stephenson. Crown 8vo, cloth. U^^ Published, Net 2/6 

Summary of Contents : — Prologue.— Cylinders.— Motions.— Connecting 
Rods.— FRAMBS.—WHEBLS.— PUMPS. Clacks, &c,—Injbctors.— boilers.— Smoke box. 
—Chimney.— Weather board and awning.— internal dissensions.— Engine 
Drivers. &c. 

*' It would be difficult to imagine anything more ingeniously planned, more deretiy worked 
out, and more charmingly written. Readers cannot fidlto find the volume most eiUoyable."— 
Glasgow Herald, 

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT. 

A Popular Treatise on the Gradual Improvements made in Railway Engines 
between 1803 and 1806. By Clement E. Stretton, CE. Fifth Edition, 
Enlarged. With 120 Illustrations. Crown 8vo, cloth. \]uit Publishtd. 8/6 



" Students of raflway history and all who are interested in the evolution of the modem 
locomotive will find much to attract and entertain hi this volume."— 77u Titrus. 

LOCOMOTIVE ENGINE DRIVING. 

A Practical Manual for Engineers in Charge of Locomotive Engines. By 
Michael Reynolds, Member of the Society of Engineers, fcmnerlv Loco* 
motive Inspector, L. B. & S. C. R. Eleventh Edition. Including a Key to 

THE Locomotive Engine. Crown 8vo, cloth 4/6 

" Mr. Reynolds has supplied a want, and lus supplied it weU. We can confident^ recom- 
mend the booK not only to the practical driver, but to everyone who takes an interest in the 
pe rfor mance of locomotive engines."— 77k Engi*teer. 

** Mr. Reyn(dds has opened a new chapter In the literature of the day. His treatise is 
admiraUe."-v<<D%«MrMm. 

THE MODEL LOCOMOTIVE ENGINEER, 

Fireman, and Engine-Boy. Comprising a Historical Notice of the Pioneer 
Locomotive Engines and their Inventors. By Michael Reynolds. Second 
Edition, with Revised Appendix. Crown 8vo, cloth. [Juit Puhliihtd. 4^1Q 



" From the technical knoiHedge of the author. It win appeal to the raOwav man of to*day 
more forcibly than anything written by Dr. Smiles. . . . The volume contains inform ' ' 
te c h n i c al Idnd, and facts that every driver should be femiliar yritbu'Snglish Mechanic. 



" We should be glad to see this boolc in the possessiim of everyone hi the kingdom who has 
ever laid, or is to lay, hands on a locomotive engine."— /rvM. 

CONTINUOUS RAILWAY BRAKES. 

A Practical Treatise on the several Systems in Use in the United Kingdom : 
their Construction and Performance, with copious Illustrations and numerous 

Tables. By Michael Reynolds. 8vo, cloth O/O 

" A popular explanation of the different bralces. It will be of great assistance in forming 

public opinion, and will be studied with benefit by those who take an interest in the brake."— iSM^/ixA 

Mechanic. 

STATIONARY ENGINE DRIVING. 

A Practical Manual or Engineers in Charge ot Stationary Engines. By 

Michael Reynolds. Sixth Edition. Crown 8vo, cloth . . . 4/o 

" The author is thoroughly acquainted with his subjects, and his advice on the various pcdnts 

. 1 is clear and practicaL . . . He has produced a manua' 

• for the class for whom it is specially iateadwL"— Engineering. 

" Our author leaves no stone unturned. He is determined 

know something about the stationary engine, but all about iL"-^n£incer, 



treated is clear and practicaL . . . He has produced a manual wliich is an exceedin^^ useful 
- for the class for whom it is specially iateadwL"— Engineering. 

" Our author leaves no stone unturned. He is determined that his readers shall not only 



ENGINE-DRIVING LIFE. 

Stirring Adventure and Incidents in the Lives ot Locomotive Engine* 
Drivers. By Michael Reynolds. Third Edition. Crown 8vo, cloth . 1 /6 
"Perfectly fascinating. Wilkie CoUins's most thrilUng concei^ons are thrown hito the 
shade by true incidents, endless hi their varitfty, related in every pagp."— North British MaiL 

THE ENGINEMAN'S POCKET COMPANION, 

And Practical Educator for Enginemen, Boiler Attendants, and Mechanics. 

By Michael Reynolds. With 45 Illustrations and numerous Diagrams. 

Fourth Edition, Revised. Royal x8mo, strongly bound for pocket wear. 8/6 

••This admiraUe woric is weD suited to accompUdi Its object, being Uie honest workmanship 

of a competent engineer."— (r/<Mvvw Herald, 
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CIVIL ENGINEERING, SURVEYING, &c. 



LIGHT RAILWAYS FOR THE UNITED KINQDOM, 
INDIA, AND THB COLONiaS. 

A Practical HAodbook Mttinc forth the Principles on which Light Railways 
ihoold be Constnicted, Worked, and Financed; and detailing the Cost of 
Coostmctioo, Eqaipment, Reipenoe and Working Expenses of Local Railways 
almdy established in the above>mentioned coontries. and in Belgium. France. 
Switaerland, ftc. By J. C Mackat, F.G.S., A.M.Inst.CE. Illustrated 
with Plates and Diagrams. Medium 8vo, ck>th. [/««< PubUthtd. 1 5/0 

**Mr. Mackay't vokuM Is clMrljr and co nc is ely written, sdndnbly ananged. and firaely 

llnHra>atl. The book to esactly what has bean long wantod. We tecommaad k to all Inteteatod 

tai Ibe subject. It to safe to hare a wida sata."— ^flMp^l^ iMnair. 

TUNNBLLINQ. 

A Practical Treatise. By Chaklbs Pkkuni, C.B. With additions by 
Charlbs S. Hill, C.B. Including 150 Diagrams and Illustrations. Royid 
8vo, ckHh. Umst Publisktd. Ntt 16/0 

PRACTICAL TUNNBLLINQ. 

Explaining in detail Settinc^oot the Works, Shaft-sinkinc, and Headinff<driving, 

Rannng tne Lines and Levelling undenrround. Sub-Excavating, Timbering 

and tne Construction o( the Brickwork of Tunnels, with the amount of Labour 

requiredfor, and the Cost of, the various portions of the work. ByFitKDBRiCK 

W. SiMMS. M.Inst.CE. Fourth Ediuon, Revised and Further Extended, 

including tne most recent (1805) Examples of Suh^queous and other Tunnels, 

by D. KiNKBAR Clark, M. Inst. CE. Imperial 8vo, with 34 Foldins Plates 

and other Illustrations. Doth. [Just Publuhsd. iS2 2«. 

"Tbeprasent (1896) edition has bean btooght right up to date, and to thus rendered a woric to 

which dvil angineen genaraUy should havo ready accaw. and to which engineers who have con* 

struction work can hardly aflcwd to be without, but which to the younger membeis of the profeaaion 

to fairahiable, as from its pagaa they can leara the state to which tne science of ninneBing has 

attained."— A«i/MV iMrav. 

"The aarinurion fai which Mr. Slauns's book has bean bald for many yean cannot be mora 
tnly expresaed than in the words of the late Prot Ranldne : * The beat source of infonuation on 
the subject of tunneto to Mr. F. W. Sfanns's work on Practical TunnelBng.' "—ArckUt^. 

THE WATER 5UPPLY OP TOWNS AND THE CON- 
STRUCTION OP WATBR.WORKS. 

A Practical Treatise for the Use of Engineers and Students of Engineering. 
By W. K. Burton, A.M. Inst. CE., Professor of Sanitary Engineermg in the 
Imperial University, Tokvo, JiH;>an, and Consulting Engineer to the Tokyo 
Water*works. Second Edition, Revised and Extended. With numerous 
Plates and Illustrations. Super>royal 8vo, buckram. [Just Published. 26/0 
I. Introductory. — II. Diffbrhnt Qualitibs of Water. — ill. quantity of 
watbr to bb PROVIDBO..-IV. On ascbrtaining whbthbr a proposbd sourcb of 
Supply is sufficibnt.— v. On estimating tub storagb Cafacity rbquirbd 
TO bb Providbd.—vi. Classification op watbr-works.— Vll. impounding rbsbr- 
voiRS.— VIII. Earthwork Dams.— IX. masonry Dams.— x. thb purification of 
Water.— XI. settling Reservoirs.- Xll. Sand filtration.— xil I. Purification 
OF Water by Action of Iron, softbning of water by action of Lime. Natural 
Filtration.— XIV. service or Clean Water Reservoirs— Watbr Towbrs— stand 
Pipes.— XV. the Connection of settling Reservoirs, filter Beds and service 
Reservoirs.- XVI. pumping machinery.— xvi I. Flow of water in Conduits- 
Pipes and open Channels.— XVIII. Distribution systems.- XIX. Special Pro- 
visions for the Extinction of Firb.— xx. Pipbs for water-works.— xxi. pre- 
vention of Waste of Water.- XXII. Various Aivucations used in Connection 
with Water-works. 

appendix I. By Prof. JOHN MILNE. R.S.— considerations concerning thb 

PROBABLE EFFECTS OF EARTHQUAKES ON WATER-WORKS. AND THE SPECIAL PRE- 
CAUTIONS TO BB TAKBN IN EARTHQUAKE COUNTRIES. 

APPENDIX II. By JOHN DE RIJKE. CE.— ON SAND DUNES AND DUNB SAND AS 

A SouRCB OF Water supply. 

" The chapter upon filtration of water te very complete, and the detafls of constmctkn wdl 
IDustrated. . . . The work should be speciaUy valuable to civil engineers engai^ in woric in 
Ji^Mtn, but the interest is by no means con&ied to that )ocality."—EHgituer, 

" We congratulate the author upon the practical commonsense shown in the preparation of 
thb work. . . . The plates and aiagrams have evidently been prepared witii great care, and 
cannot ftfl to be of great assistance to the student."— ^*MAi«r. 

t* The whole art of water-worksconstruction bdealt with in a clear and comprdienalve fiahkm 
la this handsome volume. . . . Mr. Burton's practical treatise shows in all bs sections the fruit 
of Independent study and individual experience, it is laigely based upon his own pcactloe in the 
bnDchof«nglneeringofwhlchittreats.''-^S«4tonfa Review, 
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THE WATER SUPPLY OP CITIE5 AND T0WN5. 

By William Humbbr. A. M. Inst. C.E., and M.Inst M.E., Author of "Cast 
and Wrought Iron Bridge Construction," &c., &c. Illustrated with 50 Double 
Plates, X Single Plate, Coloured Frontispiece, and upwards of 250 Woodcuts, 
and containing 400 pp. of Text. Imp. 4to, elegantly and substantially 

half-bound in morocco Net £6 6s. 

List op Contents. 
I. Historical sketch op some op the means that have been adopted por 

THE supply op water TO CITIES AND TOWNS.— II. WATER AND THE FOREI<»r MATTER 
USUALLY ASSOCIATED WfTH IT.— III. RAINPALL AND EVAPORATION.— IV. SPRINGS AND 

THE Water-bearing Formations op various Districts.— v. measurement and 
Estimation op ihe flow op Water.— Vl. on the selection op the Source op 
SUPPLY.— VII. Wells.— VIII. Reservoirs.- ix. the puripication op Water.— 
X. Pumps.— XI. pumping Machinery.— xil. conduits.— Xlll. Distribution op water. 
—XIV. Meters, Service pipes, and house Fittings.- xv. the Law op economy op 
Water-works.— XVI. constant and intermittent supply.— xvil. description op 
Plates.— Appendices, giving Tables op Rates op supply, velocities, &c., &c., 
together with specipications op several works illustrated, among which 

will be pound : ABERDEEN. BiDEPORD, CANTERBURY, DUNDEE, HALIPAX, LAMBETH, 
ROTHERHAM. DUBLIN, AND OTHERS. 

" The most systematic and valuable work upon water supply hitherto produced in I 
In any other lans^age. It is characterised almost throusfhout Dy an exhausttreness r 
distinctiYe of French and German than of English technicu treatises."— J^m^mmt. 

RURAL WATER 5UPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water. 

works for small Country Districts. By Allan Grbbnwbll, A.M.I.C.E., 

and W. T. Curry, A.M.I.C.E., F.G.S. With Illustrations. Second Edition, 

Revised. Crown 8vo, cloth. \jMst PublisJud. 6/0 

"We consdentiousiy recommend it as a very useful book for those concerned in obtaining 

water for small districts, giving a great deal of practical information in a small comr>ass."—BuiU€r. 

" The v(^nie contains valuable information upon all matters connected with water sup{^. 

. . Full of details on points which are continually before water-worlcs engineers."— TVo/Mrv. 

HYDRAULIC POWER ENQINEERINQ. 

A Practical Manual on the Concentration and Transmission of Power by 
Hydraulic Machinery. By G. Croydon Marks, A.M. Inst. C.E. With 
nearly 900 Illustrations. 8vo, cloth. l/i*st Published. Net 9IO 

SUMMARY OP CONTENTS:— PRINCIPLES OP HYDRAULICS.— THE OBSERVED FLOW 
OP WATER.— HYDRAULIC PRESSURES, MATERIAL.— TEST LOAD PACKINGS POR SLIDING 

SURPACES.— Pipe Joints.— Controlling Valves.- Platporm Lifts.— workshop, 
factory, and dock cranes.— hydraulic accumulators.— presses.— sheet metal 
Working and forging Machinery.— hydraulic Rivetters.— Hand, power, and 
Steam Pumps.— Turbines.— Impulse and Rb-action Turbines.— Design of Tur- 
bines.— Water Wheels.— Hydraulic Engines.— recent achievements.— tables. 

" We have nothing; but praise for this thoroughly valuable work. The author has succeeded 
in rendering his subject mteresting as well as instructive."- />r<rc/!^/ Engineer. 

"Can be unhesitatingly recommended as a useful and up-to<late manual on hydraulic trans- 
mission and utilisation ot powet."— Mechanical JVorld, 

HYDRAULIC TABLES, C0-EFPICIBNT5, & FORMUL/E. 

For Finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and 
Rivers. With New Formulae, Tables, and General Information on Rain-fall, 
Catchment-Basins, Drainage, Sewerage, Water Supply for Towns and Mill 
Power. Bv John Neville, Civil Engineer, M.R.I.A. Third Edition, 
revised, with additions. Ntmierous Illustrations. Crown 8vo, cloth . 1 4/0 
" It is, of all English books on the subiect, the one nearest to completeness."— ^rcAt/^c/. 

HYDRAULIC MANUAL. 

Consisting of Working Tables and Explanatory Text. Intended as a Guide in 
Hydraulic Calculations and Field Operations. By Lowis D'A. Jackson, 
Author of "Aid to Survey Practice," "Modem Metrology," &c Fourth 

Edition, Enlarged. Large crown 8vo, cloth 1 6/0 

"The author has constructed a manual which may be accepted as a trustworthy guide 
to this t>ranch of the engineer's profession."— ^Mj^vn^eriMf. 

WATER ENQINEERINQ. 

A Practical Treatise on the Measurement, Storage, Conveyance, and UtUisa* 
ti<Mi of Water fot the Supply of Towns, for Mill Power, and for other Purposes. 
By C. Slagg, a. M. Inst. C.E. Second Edition. Crown 8vo, cloth . 7/6 
** As a small practical treatise on the water supply of towns, and on some appli c atio n s of water- 
power, the work Is in many respects exceUenL"— £r — ' - 
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THE RECLAMATION OP LAND PROM TIDAL WATERS. 

A Handbook for Bnginonrs, Landed Proprietors, and othos interested m 

Works of Reclamation. By Albxandkr Bbazblxv, M.Inst. CE. With 

Illtistrmtioos. 8vo, doCh. [Just Puhluhed. AV/ 10/6 

" The book sbowi In a coitciM wmy what has to be dooe in reclaiming land from the sea, and 

the beat way of doinff it. The worlc contains a great deal of practical and usefiil information which 

cannot Cdl to be of service to engineers entrusted with the enclosure of salt marshes, and to land* 

owners intending to reclaim land from the sea."— TA^ Bnginter. 

"The anuor has carried out his task efficiently and wdl, and hb book contains a buge 
anoont of infbmiatioa of great service to angineen and others Interested In worlcs of redamatioo." 

MA50NRY DAMS PROM INCEPTION TO COMPLETION. 

Indodinf nnmerotu Fonnobs, Forms of Specification and Tmder, Podcet 

Diagram of Forces, ftc For the use of Cavil and Mining Engineers. By 

C F. CouitTNKV, M. Inst. CE. 8vo, cloth. [Just Pub&hsd. 9/0 

** The volume contains a good deal of valuable data, and furnishes the engineer with practical 

advice. Manv useful suggestioos will be Cound in the remarics on site and position, kKation 

of dam, founoations and construction. "•'i^iMMi'Mir Alrw/. 

RIVER BARS. 

The Causes of their Formation, and their Treatment bj *' Induced Tidal 
Scour " ; with a Description of the Successful Reduction by this Method of 
the Bar at Dublin. By I. J. Mann, Assist. Eng. to the Dublin Port and Dodts 

Board. Royal 8vo, cloth 7/6 

" We recommand all interested In harbour works— and. Indeed, those concerned In the 
mpfovements of rivfs generally—^ read Mr. Mann's interesting work. — igiy iX atr. 



TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

Embracing a ComfMrehenrire History of the System; with an exhaustive 
Analysis of the Various Modes of Tracti(»i, including Horse Power, Steam, 
Cable Traction, Electric Traction, &c : a DescripU(»i of the Varieties ci 
Rolling Stodc ; and ample Details of Cost and Working Expenses. New 
Edition, Thoroughljr Revised, and Including the Progress recently made b 
Tramway Construction, &c., &c. By D. Kinnbar Clark, M. Inst. CE. 
With 400 Illustrations. 8vo, 780 pp., buckram. [Just PubUshsd. 28/0 

" The new vokuna is one which will rank, among tramway engineers and those interested in 
tramwvjr woridng , with the Author's worid-fiuned booik on railway machinery."— rA^ Bngitutr. 

SURVEYING KS PRACTI5ED BY CIVIL ENGINEERS 

AND 5URVBYOR5. 

Including the Setting-out of Works for Construction and Surveys Abroad, with 
many Examples taken from Actual Practice. A Handbook for use in the Field 
and the Office, intended also as a Text-book for Students. By Tohn Whitb- 
LAW, Tun., A.M. Inst. C.E., Author of " Points and Crossings.' With about 
360 Illustrations. Demy 8vo, cloth. [Just Published, Net '{QIQ 

PRACTICAL SURVEYING. 

A Text-Book for Students preparing for Examinations or f<»r Survey-work b 
the Colonies. By Gborge W. Usill, A.M.I.C.E. With 4 Plates and up- 
wards of 330 Illustrations. Seventh Edition. Including Tables of Natural Sines, 
Tangents, Secants, &c. Crown 8vo, cloth 7/6 ; or, on Thin Paper, leather, 

gilt edges, for pocket use *! 2/6 

" The best forms of instruments are described as to their construction, uses and modes 
of employment, and there are innumerable hints on work and equipment such as the author, in 
his experience as sunreyor. draui^tsman and teacher, has found necessary, and which the student 
In his tnezperience win find most serviceable. "—£M;fvM<«r. 

" The latest treatise in the En^^ish language on survejriof, and we have no hesitatloo in say- 
ing that the student will find it a better guide than any of its predecessors. Deserres to be 
recoenised as the first book which should be put la the hands of a pui^ of Civil Engineering."— 

AID TO 5URVEY PRACTICE. 

For Reference in Surve3ring, Levelling, and Setting-out; and in Route Sur- 
veys of Travellers by Land and Sea. With Tables, Illustrations, and Records. 
By Lowis D'A. Jackson, A.M.I.C.E. 8vo, cloth .... 12/6 
" A valuable vtuU-trucitm for the surveyor. We recommend this book as containing an 
admirable supplement to the teaching of the accomplished surveyor."— ^iAemrMm. 

" The author brings to his work a fortunate umon of theory and practical ezperleoce which, 
aided by a dear and hicld style of writing, renders the book a very useAd one."— AtfAUkr. 
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SURVEYING WITH THE TACHEOMETER. 

A practical Manual for the use of Civil and Military Engineers and Surveyors. 
Inclnding two series of Tables specially computed for the Reduction of 
Readings in Sexaeesimal and in Centesimal Dqgrees. By Neil Kbnnbdy, 
M. Inst. C.£. With Diagrams and Plates. Demy 8vo, cloth. ^ei 10/6 
"The work is rery cleariy written, and should remove all difficulties in the way of any surveyor 
dedions of makinf: use of this useful and rapid instrument."— Ak/wre. 

ENGINEER'S & MINING SURVEYOR'S FIELD BOOK. 

Consisting of a Series of Tables, with Rules, Explanations of Systems, and 
use of Theodolite for Traverse Surveying and plotting the work with minute 
accuracy by means of Straight Edge and Set Square only ; Levelling with the 
Theodolite, Setting-out Curves with and without the Theodolite, Earthwork 
Tables, &c. By W. Davis Haskoll, C.E. With numerous Woodcuts. 

Fourth Edition, Enlarged. Crown 8vo, cloth 1 2/0 

" The book is very handy ; the separate tables of sines and tangents to erety minute will make 
ft useful for many other purposes, the genuine traverse tables existing all the sajD».''—AthetuKHm, 

LAND AND MARINE SURVEYING. 

In Reference to the Preparation of Plans for Roads and Railway ; Canals, 
Rivers, Towns' Water Supplies; Docks and Harbours. With Descripti<»i 
and Use of Surveying Instruments. By W. Davis Haskoll, C.E. Second 
EUiition, Revised, widi Additions. Large crown 8vo, cloth . . . 9/0 
" This book miist prove of great value to the student We have no hesitation in recom> 
mencUng It, feeling assured that it wiH more than repay a careful study."— Mechanical IVorid. 

" A most useful book for the student. We stronj^y recommend it as a carefully>wrltten 
and valuable text>book. It enjoys a well-deserved repute ammig surveyors."— ^m^A^. 

PRINCIPLES AND PRACTICE OP LEVELLING. 

Showing its Application to Ptuposes of Railway and Civil Engineering in 
the Construction of Roads ; with Mr. Telford's Rules for the same. By 
Frbdbrick W. Simms, F.G.S., M. Inst. C.E. Eighth Edition, with the 
addition of Law's Practical Examples for Setting-out Railway Curves, and 
Trautwinb's Field Practice of Laying-out Circular Curves, ^¥ith 7 Plates 

and numerous Woodcuts, 8vo, cloth . 8/6 

*** Trautwinb on Curvbs may be had separate 6/0 



AN OUTLINE OF THE METHOD OP CONDUCTING 
A TRIOONOMBTRICAL 5URVBY. 

For the Formation of Ge<^praphical and Topo^aphical Maps and Plans, Mili- 
tary Reconnaissance, LEVELLING, &c., with Useful Problems, FormuLB. 
and Tables. By Lieut. -General Fromb, R.E. Fourth Edition, Revised and 
partly Re-written by Major-General Sir Charlbs Warrbn, G.C.M.G., R.E. 
With 19 Plates and 1x5 Woodcuts, royal 8vo, cloth .... 1 6/0 
" No words of praise from us can strengthen the position so weU and so steadily maintained 
by this woric Sir Charles Warren has revised the entue work, and made such additions as were 
neceanry to bring every porticm of the contents up to the present dax»."— Broad Arrvm. 

TABLES OP TANGENTIAL ANGLB5 AND MULTIPLES 
FOR 5ETTINa-OUT CURVES. 

From 5 to 300 Radius. B7 A. Bbazblby, M. Inst. C.E. 6th Edition, 
Revised. With an Appendix on the use of the Tables for Measuring up 
Ctirves; Printed on 50 Cards, and sold in a cloth box, waistcoat-pocket sixe. 

\Jntt Published, 3/6 
** Each taMe is printed on a card, which, placed on the theodc^e. leaves the hands free 
to nanlpulBte the instrument-^o small advantage as r^:ards the rapidity of work."— Jf^y^foMr. 

" Very handy : a man may know that all his dav's woric must fall on two of these canu, wUch 
he pats litto his own card-case, and leaves the rest \iitbScaA.^—Atktiutum, 

HANDY GENERAL EARTH-WORK TABLES. 

Giving the Contents in Cubic Yards of Centre and Slopes dl Cuttings and 
Embankments from 3 inches to 80 feet in Depth or Height, for use with either 
66 feet Chain or xoo feet Chain. By J. H. Watson Buck, M. Inst.C.E. 
On> Sheet mounted in cloth case. \Juit Pi$bUsh$d. 8/6 
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EARTHWORK TABLES. 

Sbowinf the Contents in CoImc Yards of EmbankoMnts, Cattingi, ftc, of 
Heifhts or Depths op to an average of 80 fe«L By Joseph BsoAOBBirr, CR., 

and ritANas Campin, CE. Crown 8vo, cloth 6/0 

** The way In which ■ cc u racy is attained, bjr a simpla dhrWon of each croaa sectkm into three 
•■•■Mats, two in whkh are cooatant and one Tarlable, is IngenkMS."— «^M«hvmm. 

A MANUAL ON EARTHWORK. 

Bj Albx. J. S. Gkaham, CE. With ntuneroos Diagrams. Second EditioB. 
i8mo, cloth 2/6 

THE CONSTRUCTION OP LARGE TUNNEL SHAFTS. 

A Practical and Theoretical Essay. By J. H. Watson Buck, M. Inst. CE., 

Resident Engineer, L. and N. W. R. W\\h Folding Plates, 8vo, cloth 1 2/0 

** Manv of the methods gives ara of eztraoM practical valno to the mason, and the obaonra- 

tloos on the ibrm of arch, the rules for ordering the ston^ and the constructioo of the templafs. 

wa be found of considerable use. We commend the book to the ' ' 

" Win be regarded by drO engineers as of tiie utmost tsIm. ■ 
tim* and obviate many misia kes. "—CtiiUry Gumrdimtt, 

CAST St WROUGHT IRON BRIDGE CONSTRUCTION 

(A Complete and Practical Treatise on), including Iron Foondarions. Id 
Three Parts.— Theoretical, Practical, and Descriptive. By William Humbbi, 
A. M . Inst. CE., and M. Inst. M.E. Third Eidition, revised and moch im- 
proved, with 11$ Douhle Plates (so of which now first I4>pear in this edition), 
and numerous Additions to the Text. In s v<^, imp. 4tc^ half-bound m 

morocco £6 16a. 6o« 

" A rvir vakiable contribution to the standard literature of dvll engineering. In addition to 
alevttloni. puns, and sections, large scale details are given, which very much enhance the 
Instructive worth of those it]ustration&'*~-C#p</ Smjrttuer mnd Arckittcfs y^umal. 

"Mr. Humber's statdy vohunes. latdy issued— in whkh the most important bridges 
•se cf d during the last ilve years, under the direction of the late Mr. Brunei, Sir W. CnUlt, 
Mr. Hawkahaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among our most emhiant 
•ngineers, are drawn and s pe ci fied in great detalL"— fivteacr. 

ESSAY ON OBLIQUE BRIDGES 

{Practical and Theoretical^ With 13 large Plates. By the late Gbokgb 
Watson Buck, M.I.CE. Fourth Edition, revised hj hb Son, J. H. Watsom 
Buck, M.I.CE. ; and with the addition of Description to Dianams for 
Facilitating the Construction of Oblique Bridges, by W. H. Baklow, M.I.CE. 

Ro3ral 8vo, cloth 12/0 

" The standard text-book for all engineers rega r ding skew arches Is Mr. Budc% traaflss, 
and It woukl be impoesibleto consult a better."— ITMr^Mcr. 

" Mr. Buck's treatlie is recognised as a atandard text-book, and his treatment has divested 
the subject of many of the intricacies supposed to bek>ng to It As a gukle to the en gin e er and 
architect on a confessedly difficult subject Mr. Buck's work is unsurpassed."— ^wttMN^ <^^XnM. 

THE CONSTRUCTION OP OBLIQUE ARCHES 

(A Practical Treatise onX By John Hart. Third Edition, with Plates. 
Imperial 8vo, cloth 8/0 

GRAPHIC AND ANALYTIC STATICS. 

In their Practical Application to the Treatment of Stresses in RooCi, Solid 
Girders, Lattice, Bowstring, and Suspension Bridges, Braced Iron Arches and 
Pitfs, and other Frameworks. By R. Hudson Gkaham, CE. Containing 
Diafirams and Plates to Scale. With numerous Examples, many taken from 
existing Structures. Specially arranged for Class-work in Collies and 
Universities. Second Edition, Revised and Enlarged. 8vo, cloth . 1 6/0 
" Mr. Graham's book will find a place wherever graphic and analytic statics are used or 
studied. "-^M^Mrr. 

" The work to excellent from a practk:al pobit of view, and has eridently been prepared 
wkh much care. The directions for worldng are simple, and are illustrated by an abundance of 
wen-selected eramp les. It to an excellent text-book for the practical draughtsman."— utf O oi o xw. 

WEIGHTS OP WROUGHT IRON & 5TEEL GIRDER5. 

A Graphic Table for Facilitating the Computation of the Weights of Wron^t 
Iron and Steel Girders, &c, for Parliamentary and other Estimates. By 
J. H. Watson Buck, M. Inst. CE. On a Sheet ... . 2/6 
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PRACTICAL GEOMETRY. 

For the Architect, Engineer, and Mechanic. Givins Rales or the Delineatlcm 
and Application of varioas Geometrical Lines, Figures, and Corves. By 

E. W. Tarn, M.A., Architect. 8vo, cloth 9/0 

" No book with the same objects in view has ever be«i published In which the clearness of 
the rules laid doum and the illustrative diasrrams have been so satisfactory."— ^S^o^^mmh. 

THE GEOMETRY OF C0MPA55E5. 

Or, Problems Resolved by the mere Description of Circles and the Use of 
Coloured Diagrams and Symbols. By Oliver Byrkb. Coloured Plates. 
Crown 8vo, cloth 8/6 

HANDY BOOK FOR THE CALCULATION OP STRAINS 

In Girders and Similar Structures and their Strength. Consisting^ of F<Mrmulae 
and Corresponding Diagrams, with numerous details for Practical Applica' 
tionr &c. By William Humber, A. M. Inst. C.E., &c. Fifth Edition. 
Crown 8vo, with nearly zoo Woodcuts and 3 Plates, cloth . . . 7/6 

" The formulae are neatlv expressed, and the diagrams zood."—Athetuntnt. 

" We heartily commend this really handy book to our engineer and architect readers."— 
BngUsh Mechanic. 

TRUSSES OF WOOD AND IRON. 

Practical Applications of Science in Determining the Stresses, Breaking 

Weiehts, Safe Loads, Scantlings, and Details of Construction. With Complete 

Working Drawings. By William Griffiths, Surveyor. 8vo, cloth. 4/6 

"This handy little book enters so minutely into every detail connected with the con* 

structlon of roof trusses that no student need be isfnorant of these taaitets."— Practical Engineer. 

THE STRAINS ON STRUCTURES OF IRONWORK. 

With Practical Remarks on Iron Construction. By F. W. Sheilds, M.I.CE. 
8vo, cloth 6/0 

A TREATISE ON THE STRENGTH OF MATERIALS. 

With Rules for Application in Architecture, the Construction of Suspension 
Bridges, Railways, &c. By Peter Barlow, F.R.S. A new Edition, revised 
by h^ Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added. Experiments by Hodgkinson, Fairbairn, and Kirkaldv ; and 
Formulae for calculating Girders, &c Arranged and Edited by Wm. Humbbr, 

A. M. Inst. C.E. 8vo, cloth 18/0 

"Valuable alike to the student tyro, and the experienced practitioner, It will always rank 

in futnie as it has hitherto d<me, as the standard treatise on that particular subject"— ^mWmmt. 

" As a scientific work of the first class, it deserves a foremost place on the bookshelves of 

every dvll engineer and practical mechanic."— ^Mj^AlrA Mechanic. 

SAFE RAILWAY WORKING. 

A Treatise on Railway Accidents, their Cause and Prevention ; with a De* 
scnption of Modem Appliances and Systems. By Clement E. Stretton, 
C.E., Vice-President and Consulting Engineer, Amalgamated Sodetjr of 
Railway Servants. With Illustrations and Coloured Plates. Third Edition, 

Enlarged. Crown 8vo, cloth 8/6 

"A book for the engineer, the directors, the managers; and. in short, all who wish for 
InfoRnatloo on railway matters will find a perfect encyclopaedia in ' Safe Railway Working.' "— 
Railway Review. ...,„„ . « .. 

" We commend the remarks on railway dgnaOing to all railway managers, especially where 
a uniform code and practice is advocated."— ^*»X^/*'x Railway youmal. 

EXPANSION OF STRUCTURES BY HEAT. 

By John Kbilv, C.E., late of the Indian Public Works DepartmenL Crown 

8vo, cloth 8/6 

" The aim the author has set before Um, viz., to show the eifectt of beat upon metaUk: and 
other structures, is a laudable one. for this is a branch of physkrs upon whkh the engineer or 
architect can find but little reliable and comprehensive data fai books."— ^wM^ler. 
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THE PROGRESS OP MODERN ENQINEERINQ. 

Omplete in Four Voloines, imperial 4to, half-morocco, price £12 12t. 

Each Tolome told separately, as foHows : — 

First Sskibs, Comprising Civil, Mechanical, Marine, Hydranlic, Railway, 

Bridge, and other Engueering Works, &c By William Hdmbbk, 

A. M. Inst. C.E., &C. Imp. 4to, with 36 Double Plates, drawn to a large scale. 

Photographic Portrait of John Hawkshaw, C£., F.K.S., &c, and copious 



A. M. Inst. C.E., &C. Imp. 4to, with 36 Double Plates, drawn to a large scale. 
Photographic Portrait of John Hawkshaw, C£., F.K.S., &c, and copious 
descriptive Letterpress, SpedficatioDS, &c Half-morocco . £8 St. 

List or thk Platbs and Diagrams. 

Victoria station and Roor, L. B. * S. C. R. fs platbs); Southport Pihr 
ft PLATBS) : Victoria Station and Roof. L. C & D. and G. w. R. (6 platbs) ; Roof 
OF crbmornb Music Hall; bridgb ovbr G. N. Railway; Roof of Station, 
Dutch Rhenish Raiu (s platbs); Bridgb ovbr thb Thambs, Wbst London 
Extension Railway (5 platbs); armour Platbs; Suspension Bridgb, Thambs 

(4 PLATES); the ALLEN ENGINB ; SUSPENSION BRIDGB, AVON (f PLATBS); UNDER- 
GROUND Railway (3 platbs). 

NUMBER'S MODERN ENQINEERINQ. 

Second Series. Imp. 4tO|. with 3 Double Plates, Photographic Portrait of 
Robert Stephenson, C.E., M.P., F.R.S., &c., and copious descriptive Letter* 
press. Specifications, &c. Half-morocco £8 St. 

List of the Platbs and Diagrams. 

Birkenhead Docks, Low Watbr basin (15 plates) ; Charing Cross Station 
Roof, C C. Railway (3 plates): Digswbll viaduct. Grbat Northern Railway; 
Robbery wood Viaduct, Great Northern railway; iron permanent way; 
Clydach Viaduct, mbrthyr, Tredegar, and abbrgavbnny Railway; Ebbw 
Viaduct, Mbrthyr, Trbdbgar, and Abergavenny Railway; College wood 
Viaduct, Cornwall Railway; Dublin Winter Palace Roof (3 platbs); Bridge 

ovbr the THAMES, L. C & D. RAILWAY (6 PLATBS); ALBERT HARBOUR, GRBBNOCK 
U PLATBS). 

HUMBER'5 MODERN ENQINEERINQ. 

Third Series. Imp. 4to, with 40 Double Plates, Photograj;^uc Portrait of 
J. R. M 'Clean, late Pres. Inst. C.E., and copious descriptive Letterpress, 
Specifications, &c Half^marocco £8 8s. 

List of thb Platbs and Diagrams. 

Main Drainage, metropolis.— Ai>rc* 5^.— map showing Intbrchption of 
Sbwbrs; Middle Lbvel Sewbr (a plates); Outfall Sewbr, Bridgb over River 
Lea (3 PLATES) : outfall sewbr, bridgb over marsh lanb, north Woolwich 
Railway, and bow and Barking Railway Junction ; outfall sewbr, bridgb over 
BOW AND Barking Railway (3 plates) ; Outfall Sewbr, bridge ovbr East London 
Water-works' Fbbdbr (a plates) ; Outfall Sewbr Reservoir (s platbs) ; Oittfall 
Sewbr, TUMBLING Bay and Outlet; Outfall sewer, penstocks. South Side.— 
Outfall Sbwbr. bermondsey branch (s plates) ; Outfall Sbwbr, Reservoir and 
Outlet (4 plates) ; outfall Sbwbr, Filth hoist ; Sections of sbwbrs north and 
South Sides). 

THAMES Embankment.— Sbction of river wall; Steamboat Pier, west. 

MINSTER (a platbs); LANDING STAIRS BETWEEN CHARING CROSS AND WATERLOO 

Bridges ; York Gate (a plates) ; overflow and outlet at Savoy strbbt Sbwbr 
I* PLATES): Steamboat Pier. Waterloo Bridgb (3 plates); Junction of Sbwbrs, 
PLANS and Sections ; Gullies, Plans and Sections ; rolling Stock ; Granttb 
AND IRON Forts. 

HUMBER'5 MODERN ENQINEERINQ. 

Fourth Series. Imp. 4to, with 36 Double Plates, Photographic Portrait of 
John Fowler, late Pres. Inst. CE., and copious descriptive Letterpress, Sped* 

ncations, &c Half-morocco ^S8 St. 

List of thb Plates and Diagrams. 

abbby Mills pumping Station, main Drainage, metropolis (4 platbs); 
Barrow docks (5 plates) ; manquis Viaduct, Santiago and Valparaiso Railway, 
(a plates); Adam's Locomotive, St. Helen's Canal Railway (a plates); Canncm 
Strbbt Station roof. Charing cross railway (3 platbs); Road bridgb over 
THE River Moka (a plates) ; telegraphic apparatus for Mesopotamia ; viaduct 

OVBR the RIVBR WYB, MIDLAND RAILWAY (3 PLATBS); ST. GERMANS VIADUCT, 

CORNWALL Railway (a plates); wrought-iron cylindbr for Diving Bbll 

MiLLWALL DOCKS (6 PLATBS); MiLROY S PATENT EXCAVATOR; MBTROPOLITAN DIS- 
TRICT RAILWAY (6 PLATBS) ; HARBOURS, PORTS, AND BRBAKWATBRS (s PLATBS). 
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MARINE ENGINEERING, SHIPBUILDING, 
NAVIGATION, &c. 



THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 

POCKBT-BOOK of Formulae, Rules, and Tables, and Marine Engineer's and 
Surveyor's Handy Book of Reference. By Clement Mackrow, M.I.N.A* 
Eighth Edition, Carefully Revised and Enlarged. Fcap., leather. 

Uust Pi4bli5hed. Net12ie 

SUMMARY OP CONTENTS :— SIGNS AND SYMBOLS, DECIMAL FRACTIONS.— TRIGONO- 
METRY.— PRACTICAL Geometry.— MENSURATION.— CENTRES and Moments of Figures. 

—MOMENTS OF INERTIA AND RADII OF GYRATION.— ALGEBRAICAL EXPRESSIONS FOR 

Simpson's Rules.— Mechanical Principles.— Centre of GRAvrrv.— Laws of Motion. 
—Displacement. Centre of Buoyancy.— Centre of Gravity of Ship's hull.— 
STABILITY Curves and Metacentres.— Sea and Shallow-water waves.— Rolling 
OP ships.— Propulsion and Resistance op Vess&ls.— speed trials.— Sailing 
Centre of Effort.— Distances down Rivers, Coast lines.— steering and 
Rudders of Vessels.— Launching Calculations and Velocities.— weight op 
Material and Gear.— Giw Particulars and weight.— Standard Gauges.— 
RrvBTBD Joints and Riveting.— strength and Tests of Materials.— Binding 
AND Shearing Stresses, &c. — Strength of Shafting, Pillars, Wheels. &c. 
—hydraulic Data, &c. — Conic Sections, Catenarian Curves. — Mechanical 
powers. Work.— Board op Trade Regulations for boilers and engines.— Board 
op trade Regulations for Ships.— Lloyd's rules for Boilers.- Lloyds Weight 
op Chains.— Lloyds scantlings for Ships.— Data of Engines and Vessels.— 
ships' FnriNGS and Tests.— Seasoning preserving Timber.— Measurement op 
Timber.- Alloys, paints. Varnishes.— Data for Stowage.- Admiralty Trans- 
port Regulations. — rules for horse-power. Screw propellers. &c.— Per- 
centages FOR BUTT Straps, &c.— Particulars of Yachts.— Masting and Rigging 
Vessels.— Distances op foreign ports.— tonnage tables.— vocabulary of 
French and English terms. — English weights and Measures. — foreign 
Weights and Measures.- Decimal equivalents.— Foreign Money.— Discount 
and wages Tables.— Useful Numbers and Ready reckoners.— Tables op 
Circular Measures.— Tables of Areas of and Circumferences of Circles.— 
Tables of areas op segments op Circles— Tables of squares and Cubes and 
Roots of Numbers.— Tables op Logarithms op numbers.- Tables of HYPEk- 
BOLic Logarithms.— Tables of Natural Sines, Tangents, &c— Tables op 
Logartthmic Sines, Tangents, &c 

" In these days of advanced knowledge a work like this is of the greatest value. It contains 
a vast amount of infonnation. We unheshatingly say that it is the most valuable compilation for its 
specific purpose that has ever been printed. No naval architect, engineer, surveyor, or seaman, 
wood or iron shipbuilder, can afford to be without this yrork."— Nautical Ma^antte. 

" Should be used by all who are engaged in the construction or design of vessels. . . . WU 
be found to c<mtahi the most useful tables and formulae required by shipbuilders, carefully collected 
from the best authorities, and put together in a popular and simple form. The book b one of 



exceptional xait^."— Engineer. 

" The profBsrionafshipbuilder has now, in a convenient and accessible fonn, n 
•ohrfaig many of the numerous problems that present themselves in the course of his work."— /roM. 



" There is no doubt that a pocket-book of this description must be a necessity in the ship- 
building trade. . . The volume contains a mass of useful information clearly expiessed and 
presented in a handy kmxL" —Marine Bnginur, 

WANNAN'S MARINE ENGINEER'S GUIDE 

To Board of Trade Examinations for Certificates of Competency. Containing 
all Latest Questions to Date, with Simple, Clear, and Correct Solutions ; 
302 Elementary Questions with Illustrated Answers, and Verbal Questions 
and Answers; complete Set of Drawings with Statements completed. By 
A. C. Wannan,C.E., Consulting Engineer, and E. W. I. Wannan, M.I.M.E., 
Certificated First Class Marine Engineer. Illustrated with numerous Engrav- 
ings. Third Edition, Revised and Enlarged. 500 pages. Large crown dvo, 
* " ' '^stPubli ' ' "•---'-' 



cloth. [Just Pubiisfud. ^ra^ole 

** The book is clearly and plainly written and avoids unnecessar 
and we consider it a valuable book for students of marine engineering. 



The book is clearly and plainly written and avoids unnecessary explanations and formulas, 
■* ■ • • ' of marine engineering. "—Aaf/^a/ i(/af»4n><^. 



WANNAN'S MARINE ENGINEER'S POCKET-BOOK 

Containing the Latest Board of Trade Rules and Data for Marine Engineers. 

By A. C. Wannan. Third Edition, Revised, Enlarged, and Brought Up to 

Date. Square i8mo, with thumb Index, leather. [fust Published. 6/0 

"There is a great deal of useful information in this little pocket-book. It is of the rule-of- 

thumb order, and a, on that account, well adapted to the uses of the sea-going engineer."— 

Sniineer, 

L, B 



i8 CROSBY LOCKWOOD 4* SON*S CATALOGVB. 



SBA TERM5, PHRA5B5. AND W0RD5 

(Technical Dictiooary of) utad in the English and French Languages 
(English- French^ French-E>nglishl For the Use of Seamen, Enmneers, Pilots, 
ahipooilders. Shipowners, and Snip-brokers. CooifMled by W. Pierib, late o( 
the African Steamship Company. Fcap. 8vo, cloth limp . 5/0 

**TUivolanMw{llb«hlfft)l]r sppnciated by iwrnen. Mwtneets, pilots, shipbnflden and ship- 
ownefs. It wU be found woM«fAiIhr accurate and complete. "^-vScw^nNm*. 

** A vety useAil dktionafy. whkh has long bean wanted by French and Englih engineers. 
■iHew. oAcan and otbet8.''-5*iVt^Av tviriZ 

BLBCTRIC 5HIP-UQHTINQ. 

A Handbook on the Practical Fitting and Ronningof Ships' Electrical Plant, 
for the Use of Shipowners and Builders, Marine Electricians and Sea-going 
Engineers in Charge. By T. W. Urquhart, Author of " Electric Light," 
"Dynamo Construction. &c Second Edition, Revised and Extended. 
3a6 pp., with 88 Illustrations. Crown 8vo, doth. [Just PublisJud, 7/6 

MARINE eNOINEER'S POCKET-BOOK. 

Consisting of useful Tables and Formulae. By Frank Psoctok, A. I.N. A. 

Third Edition. Royal 3smo, leather, gilt edges, with stn^ . . 4/0 

" We recommend it to our leaden as going far to supphr a long-Mt wox.''''mttmim€U Sdena, 
" A moat useAil companion to all marine engineers.''— £A«i«n< Strvict Gustiti, 

ELEMENTARY ENQINEERINO. 

A Manual for Yotwg Marine Engineers and Appreniices. In the Form ot 
Questions and Answers on Metals^ Alloys, Strengtn of Materials, Construction 
and Management of Marine Engines and Boilers, Geometry, &c.. &c With 
an Appendix of Useful Tables. By J. S. Brbwbr. Crown Bvo, doth . 1/6 
"Contains much valuable information for the class for whom it is intended, espoHifly in the 
chi^Jten on the management of boilers and engines."— AiaMAtoa/ MttgoMim. 

MARINE ENQINE5 AND STEAM VE55EL5. 

A Treatise on. By Robert Murray, C.£. Eighth Edition, thoruughly 
Revised, with considerable Additions by the Author and by George 
C a rlisle, CE., Senior Surveyor to the Board of Trade. lamo, cloth . 4/6 

PRACTICAL NAVIGATION. 

Consisting of The Sailor's Sea*Book, bv Jambs Greenwood and W. H. 
RossBR ; together with the exquisite Mathematiad and Nautical Tables for 
the Working of the Problems, by Henry Law, C.E., and Professor J. R. 
Young. Illustrated, xamo, strongly half-bound 7/0 

THE ART AND SCIENCE OF 5AILMAK1NQ. 

Bv Samuel B. Sadler, Practical Sailmaker, late in the employment of 
Messrs. Ratsey and Lapthome, of Cowes and GosporU With Pkutes and 

other Illustrations. Small 4to, doth 1 2/6 

" Tlils extremely practical work gives a complete education bi all the branches of the manu- 

acture, cutting out, roping, seaming, and_goring. It is copiously illustrated, and will form a fizst- 

tate text-book and gvAat.'^— Portsmouth nmu. 

CHAIN CABLE5 AND CHAIN5. 

Comprising Sixes and Curves of Links, Studs, &c., Iron for Cables and Chains, 
Chain Cable and Chain Making, Forming and Welding Links, Strength of 
Cables and Chains, Certificates for Cables, Marking Cables, Prices of Chain 
Cables and Chains, Historical Notes, Acts of Parliament, Statutory Tests, 
Charges for Testing, List of Manufacturers of Cables. &c, &c By 
Thomas W. Traill, F.E.R.N., M.IhslC.E., Engineer-Surveyor-in-Chief, 
Board of Trade, Inspector of Chain Cable and Anchor Proving Establishments, 
and General Supermtendent Lloyd's Committee on Proving Establishments. 
With numerous Tables, Illustrations, and Lithographic Drawings. Folio, 
cloth, beveUed boards. . . . . . . £2 2a. 

** It contains a vast amount of iraluable information. Nothing s<»ems to be wanting to make it 
a complete and standard work of lel^ieoce on the sabJect."-Ar«MtfAi/ Magujrine. 
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MINING, METALLURGY, AND 
COLLIERY WORKING. 



THE DEEP LEVEL MINES OP THE RAND, 

And their Future Development, considered from the Commercial Point of View. 
By G. A. Denny, M.N.E. Inst. M.E., Consulting Engineer to the General 
Mining and Finance Corporation, Ltd., of London, Berlin, Paris, and Johan- 
nesburg. Fully Illustrated with Diagrams and Folding Plates. Royal 8vo, 
buckram. [Just Pu6iished. Net 26IO 
" Mr. Denny by coniining: himself to the consideration of the future of the deep-level mines 
of the Rand breaks new s^round, and by dealing with the subject rather from a commercial stand- 
point than from a scientific one, appeals to a widecircle of readers. The book *■ '-" 

of very great value to investors in South African aunes."—AtmiHg- yourna/. 



point than from a scientific one, appeals to a widecircle of readers. The book cannot faU to prove 
' "»y i5"®*t value to investors in South African aunes."—AtmiHg- yourna/. 

"The volume will interest all who are concerned in any way with the Witwatersrand 



Goldfields."— TTt* Times. 

PROSPECTING FOR GOLD. 

A Handbook of Information and Hints for Prospectors based on Personal 
Experience. By Daniel J. Rankin, F.R.S.G.S., M.R.A.S. Author of "The 
Zambesi Basin," &c. ; formerly Manager of the Central African Company, ami 
Leader of African Gold Prospecting Expeditions. With Illustrations specially 
Drawn and Engraved for the Work. F cap. 8vo, leather. Net 7IQ 

"This well-compiled book contains a collection of the richest gems of useful knowledge for 

the prospector's benefit. A special table is given to accelerate the spotting at a glance of minerals 

associated with gold."— Mtntng' yournal. 

THE METALLURGY OF GOLD. 

A Practical Treatise on the Metallurgical Treatment of Gold-bearing Ores. 
Including the Assaying, Melting, and Refining of Gold. By M. Eissler, 
A.I.M.E., M. Inst. M.M. Fifth Edition, Enlarged. With 300 Illustrations 
and Folding Plates. Medium 8vo, cloth. [Just Publishtd. Net QMO 

This buck thoroughly deserves its title of a ' Practical Treatise. ' The whole process of gold 
' '*-- ' *-* 'the quartz to the assay of the bullion, is described in dear and onwriy 



" This buck thoroughly 
milling, from the breaking of t 
nananve and with much, but 1 



nve and with much, but not too much, fulness of detaiL"Saiurday Review. 
" The work is a storehouse of information and valuable data, and we strongly recommend it 
to all profiBSsional men engaged in the gold-mining industry."— A/»m«»^ youmai, 

THE CYANIDE PR0CE55 OP GOLD EXTRACTION. 

Including its Practical Application on the Witwatersrand Gold Fields and else- 
where. By M. EissLBR, M.E. With Diagrams and Working Drawings. 
Third Edition, Revised and Enlarged. 8vo, doth . . Net 'TIS 

"This book is Just wiuit was needed to acquaint mining men with the actual woridng of a 

proceM which is not only the most popular, but is, as a general rule, the most successful for the 

extraction of gold from tuUngs."— i/im^v' youmal. 

DIAMOND DRILLING FOR GOLD & OTHER MINERALS. 

A Practical Handbook on the Use of Modem Diamond Core Drills in Pro- 
specting and Exploiting Mineral-Bearing Properties, including Particulars of 
the Costs of Apparatus and Working. By G. A. Denny, M.N.E. Inst. M.E., 
M.I.M. and M. Meditun 8vo, 168 pp., with Illustrative Diagrams. 12/8 



* Mr. Denny deserves grateful recognition for supplying a decided want. We strongly 
recommend every board of directors to carefiOty peruse the pages of this valuable volume of eminent^ 
practkal data, which should be in the possession of those interested in mining."— i/tMm^ youmtU. 



FIELD TESTING FOR GOLD AND SILVER. 

A Practical Manual for Prospectors and Miners. By W. H. Mbrritt, 
M.N.E. Inst. M.E., A.R.S.M.. &c Fcap. 8vo, leather. Net 6/0 

"As an instructor of prospectors' classes Mr. Merritt has the advantage of knowing 

exactly the information likely to be most valuable to the miner in the field. The work will be a 

usefiil addition to a prospector's }K!Lt." —Mining youmal. 

" It gives the gist of the author's experience as a teacher of prospectors, and is a book which 

no prospector could use haUtually without finding it pan out yitHlr^'ScotsmaH, 

THE PROSPECTOR'S HANDBOOK. 

A Guide for the Prospector and Traveller in search of Metal-Bearing or other 
Valuable Minerals. By J. W. Anderson, M.A. (Camb.), F.R.G.S. Ninth 
Edition. Crown 8vo, cloth, 8/6 \ or, leather, pocket-book form. . 4/6 
" WHl su[^y a much-felt want, especially among Ctdonists, In whose way are so often thrown 
f mineralogical specimens the value of which it i: ^"^ *- - * - * " -< • 



t is difficult to determine."— ^M^fMcr. 



'How to find commercial iniiw>r»i«, and how to identify tbem when tbiev are found, are the 
leading points to which attention Is directed. The author has managed to pack as much practical 
detail mto Us pages as would supply material for a book three time» it& i^at.' —Mining youmal. 



B a 
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THE MBTALLUROY OP SILVER. 

A Practical Trauue oa the Amdjannatioo, Roasting, and lixiviatioo of Sflver 
Ores. iDcladinR the Asssvhig, HelttUg, and Reflttbf of Silver Bullion. By 
M. EissLBB. Author of ''The Metallurgy of Gold," &c Third Edition. 

Crown 8vo, CJDCh * tOi9 

** A practical treatbe, aad a tochakal woric which w« are cosrhioed wID sumi^ alonsr-fdt 
want amongst practical men, and at the same time be of Taaie to ttudeats aad otbets taumectily 
connected with the industfies."— JftMtfnr JcttrmU. 

•* Prom fast to latt the book la thocooffhly sound aad raUable.-— CM»97 Gmmr^tmn. 
" For chemists, practical ninefs, naaysn, and iaTastois alike w« do not know of any wodc 
on tlM sut^^ect so handy and jret so compnanmr9.'*^Glmj^vw Utrmld, 

THE HYDRO-METALLUROY OF COPPER. 

Being an Account of Processes Adopted in the Hydro-Metallurgical Treat* 
ment of Cupriferous Ores, Including the Manufacture of Copper Vitriol, widi 
Chapters on the Sources of Supply of Copper and the Roasting of Cooper Ores. 
By M. EissLSR, M.I.M.M. Medium 8vo, cloth. \Just Publisfud, NetXTJB 

THE METALLURGY OF ARGENTIFEROUS LEAD. 

A Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead Btdlion. Including Reports on various Smelting Establishments and 
Descriptions of Modem Smelting Furnaces and Plants in Europe and America. 
By M. EiSSLBR, M.E., Author of " The Metallturgy of Gold," &c Crown 8vo, 

400 pp., with 183 Illustrations, cloth 1 2/6 

** The numerous metallurgical processes, which ara fully and vcteashrdy treated ot embrace 
al the stages experienced in the passage of the lead from the various natural states to its issue from 



The present volume fully maintains the reputatibn of the author. Those who wish to obtain 
-' "^ '-'"•^'' """'^ cannot do better than raad this volume, and 



the refinery as an article of commerce. —/V»rMM/ Bntin 

'""■ ' ' ' " *-'-' ^ utation 

, ^ ostryca 

dl mtaln^ eoffineen caaaot Isil to ind many oa e AJ hinb and su gge s ti oa i in it" imdus t v its, 

METALLIFEROUS MINERALS AND MINING. 

By D. C. Davibs, F.O.S. Sixth Edition, thoroughly Revised and much 

Enlarged hy his Son, E. Hknkv Davibs, M.E., F.G.S. 600 pp., with 173 

Illustrations. Large crown 8vo, cloth [ Jm£< Published. Net 1 2/6 

" Neither the practical miner nor the general reader, Intereated in mines, can have a better 

book kft his compamoo and his guide."— ^AftMuv youmai. 

** As a history of die present stale of minlag Uuou^out ttie wodd this book has a real' value, 
and it supplies an actual want."— 4«*«N<rMm, 

MACHINERY FOR METALLIFEROUS MINES. 

A Practical Treatise for Mining Engineers. Metallurgists, and Managers of 

Mines. By £. Hbnrv Davibs. M.E., f .G.S. Medium 8vo, cloth, 600 pp. 

With Folding Plates and other Illustrations. [Just Publuked. Net 26/0 

** Mr. Dwies. in this iMadsome vohime. bss dene the advanced student and the men^gor ef 

mines good service. Almost every kind of machlneiy in actual use Is carsfully described, and the 

woodcuts and plates are good. "—A t k t Mmn tn. 

** From cover to cover the work exhibits all the same characteristics which excite the confi- 



dence and attract the attention of the student as he peruses the first page. The work may safety 
be recommended. By its publication the literature connected with ne industry will be enriched 
and the reputation of its author enhanced."— IMc^m;^ JottrMMl 



EARTHY AND OTHER MINERALS AND MINING. 

By D. C. Davibs, F.G.S., Author of " Metalliferous Minerals," &c. Third 
Edition, Revised and Enlaiged by his Son, B. Hbnrv Davibs, M.E., F.G.S. 

With about 100 Illustrations. Crown 8vo, cloth 1 2/6 

"We do not remember to have met with ai^ Engfish worit on mining mattets that contains 
the same amount of information packed in equally convenient form."— ^coAtw^. 

" We should be inclined to rank it as among the vety best of the hand^ technical and trades 
manuals which have recently a.^^taxtA."-~BriiishQuart*rly Review. 



BRITISH MINING. 

A Treatise on the His ,, ,, , . _ ,-„- 

Prospects of Metalliferous Mines in the United Kingdom. By Robbkt 
" . „ -....« . ^ . , ^^ 

2s. 

" The book is a treasure-house of statistical information on minine subjects, and we know of 
no other work embodying so great a mass of matter of this Und. were this tiie only merit of 
Mr. Hunt's volume it would be sufficient to render It indispensable in the Ubraiy of every one 
interested in the development of the mlnfaig and metallurgical Industries ef this coontiy.'W 
Atfunaum. 



A Treatise on the History, Dinovery, Practical DeveknMieat, and Futnle 
Prospects of Metalliferous Mines in the United Kingdom. By Robbkt 
Hunt, F.R.S., late Keeper oi Mining; Records. Upwards of 050 pp., with 
330 Illustrations. Second Edition, Revised. Super-royal 8vo, doth £2 ! 



MINING, METALLURGY, S* COLLIERY WORKING ai 
POCKET-BOOK FOR MINERS AND METALLUiHIlSTS. 

Conunrising Rules, Fonnnlae, Tablet, and Not«s for Use in FieAd and Oflke 

Work. By F. Danvbrs Povxr, F.G.S., M.E. Second Edition, Corrected. 

Fcaix 8vo, leather. [Just Publishsd. 9/0 

"TMs excdtent book Is an adadnftte exaaapl» of its Und, and oofclit to find a laige sale 

amongiBt Rngtish-tpeakfag prospectors and mining encfineers."— £MifiHMnl»V'' 

THE MINER'S HANDBOOK. 

A Handy Book of Reference on the subjects of Mineral Deposits, Minine 
Operations, Ore Dressing, &c For the Use of Students and others interested 
m Minine Matters. By John Milnb, F.R.S., Professor of Mining in the 
Imperial University of Japan. Third Edition. Fcap. 8vo, leather . 7/6 
" Professor Milne's handbook is sure to be received with favour by all connected with 
mining, and inll be extremely popular among students."— ^Mi«M<rwm. 

THE IRON ORES of GREAT BRITAIN and IRELAND. 

Their Mode of Occurrence, Age and Origin, and the Methods of Searching for 
and Working Them. With a Notice of some of the Iron Ores of Spain. By 
J. D. Kbndall, F.G.S., Mining Engineer. Crown 6vo, cloth . . 16/0 

MINE DRAINAGE. 

A Complete Practical Treatise on Direct-Acting Underground Steam 
Pumping Machinery. By Stephen Michbll. Second £kiition, Re-written 
and EnUrged, 390 pp. With 250 Illustrations. Royal 8vo, cloth. Net 25/0 

Summary of Contents :— Horizontal Pumping Engines.— Rotary and Non 
Rotary horizontal Enginbs.—Simplb and Compound stbam pumps.— vertical 
PUMPING Engines— Rotary and Non-Rotary Vertical engines.— Simple and 
Compound steam pumps.— triple-expansion Steam puvps.— Pulsating Steam 
PUMPS.— Pump Valves.— sinking pumps, &c., &c. 

" This vdume contains an immense amount of important and interesting new nuMer. 
The book should undoubtedly prove of great use to all who wish for information on the sub- 
ject, inasmuch as the different patterns of steam pumps are not alone lucidly described and 
clearly illustrated, but in addition numerous tables are supplied, in which their sizes, capacity, 
price, &c., are set forth, hence facilitating immensely the rational selection of a pump to suit 
anv purpose that the reader may desire, or. on the other hand, supolying him with useful 
information about any of the pumps that come within the scope of the volume."— The Engineer. 

ELECTRICITY AS APPLIED TO MINING. 

A Practical Treatise for Mining Engineers. By Arnold Lupton, M.Inst.C.E. , 
M.I.E.E., G. D. Aspimall Parr, M.I.E.E., and Herbert Perkin, M.I.M.E. 
With a large number of Illustrations. Medium 8vo, cloth. 

U^^ Polished, Net 7/6 

THE COLLIERY MANAQER'3 HANDBOOK. 

A Comprdienstye Treatise on the Laying-ont and Working of Collieries. 
Des^^ed as a Book of Reference- for Colliery Managers, and for the Use of Coal 
Mining Students preparing for First'dass Certificates. Bv Calbb Pamblv, 
Mining Engineer and Surveyor ; Member of the North of England Institute ot 
Mining and Mechanical Engineers ; and Member oithe South Wales Institute 
of Mining Engineers. With 700 Plans, Digrams, and other Illustrations. 
Fourth Edition, Revised and Enlarged, medium 8vo, over 000 pp. 
Strongly bound Si 5a. 

Summary of contbnts:— Geology.— search for coal.— Mineral Leases 
and other holdmcs.— shaft sinking.— fitting up the shaft and surface 
arrangements.— stbam boilers and their fittings.- timbering and walling.— 
narrow work and methods of working. — underground conveyance. — 
Drainage.— THE Gases met with in Mines; Vbntilati<m«.— On the friction of 
Air th Mines.— The priestman oil engine.* petroleum and natural Gas- 
Surveying AND Planning.— Safety Lamps and Firedamp detectors.— Sundry 

AND INCIDBI«TAL OPERATIONS AND APPLIANCES.— COLLIERY EXPLOSIONS.— MISCEL- 
LANEOUS QUBSTK>NS AND ANSWERS.- ^it^m^litr: SUMMARY OF REPORT OF H.M. 
COMMISSIONERS ON ACCIDENTS IN MINES. 

" Mr. Pamdy has not only given us a comprehensive reference book ot a reiy high order, 
suitable to the requirements of nujiinsr engineers and colfiery managers, but has also provided 
ndnlng students with a class-book that is as interesting as it is instructive."— Ctf/A^ Manager. 

" Mr. Pamely'* work is eminentty suited to the purpose for wbich it is intended, being clear, 
Interesting, exhaustive, rich in detail, and up to date, giving descriptions of the latest machines in 
every department. A mining engineer could scarcdy go wrong wlao followed this work."— Ca//yi«fy 
Guardian, 

"This Is the most conplete '»ll-vound work 00 coal-oilniag pufaUshed \a tlte EngUsb 
language. ... No Hbrary of coal-muting books Is complete without k."--CoUiery Sng^utr 
Scnmton, Pa., U.S.A.). 
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COLLIERY WORKING AND MANAQBMBNT. 

Comprisinf the Dntiet of a CoUiery Manager, the Oversight and Arrange- 
ment of Labour and Wages, and the difierent Systems of Working Coal 
Seams. By H. F. Bulman and R. A. S. Rkdmatnx. v» pp., with 
•8 Plates and other Illnstrations, including Underground Photognu>hs. 
If edium 8vo, doth. [Just Publishtd, 16/0 

**Tliis la, IndeMl. an admirable Handbook for CoOlenr ManagefS. in foct It Is an indln>cnsable 
adjunct to a Colliery Manager's educatk». as weB as bctag a most oseAil and interestmg work 
on the subject for all who in any way hare to do with coal mining. The underground photographs 
are an attractive feature of the work, being very lifelike and necesnrily true representatioos ot the 
scenes they 49ipkX."—C»iUeiy GtmrtUmn. 

" Mr. Buhnan and Mr. Redmayne, who are bodi experienced CoOteiy Managers oi great 
Hterary ability, are to be congratulated on having suppHed anauthoritathre work dealingwith aside 
of the subject of coal minmg which has hitherto received but scant treatment. The authors 
ehicidate their text by iio woodcuts and sS plates, most of the latter being ad mirab le reraoductioos 
of photomphs taken underground with the aid of the magnesium flash-light. These uhutntions 
are excellent. "—Naiurt. 

COAL AND COAL MINING. 

By the late Sir Warington W. Smtth, F.R.S., Chief Inspector of the 
Mbes of the Crown. Eighth Edition, Revised and Extended by T. Forstbk 
Bkown, Mining Engineer, Chief Inq>ector of the Mines of the Crown and 
ofthe Duchy of Cornwall Crown 8vo. cloth. [Just PuMished, 3/6 

" As an outline Is given of evenr known coal-field In this and oUier countries, as well as of the 

principal methods of working, the Dook will doubtless Interest a very large number vi readers. — 

Minine y0urnmL 

N0TE5 AND FORMULAE FOR MINING STUDENTS. 

By John Herman Mbrivaul M.A., Late Professor of Mming in the Durham 

College of Science, Newcastle-upon*Tyne. Fourth Edition, Revised and 

Enlaiged. By H. F. Bulman, A.M.Inst.C.E. Small crown 8vo, cloth. 2/6 

" The author has done his work In a creditable manner, and has produced a book that wiu 

be of service to students and those who are practically engaged In minii^ operations.' —Engimtr, 

INFLAMMABLE QAS AND VAPOUR IN THE AIR 

(The Detection and Measurement of). By Frank Clowss, D.Sc, Lond., 

F.I.C., Prof, of Chemistry in the University College, Nottingham. With a 

Chapter on Thb Dbtbction and Mbasurbmbnt op Pbtrolbum Vapour 

by BovBRTON Rbdwood, F.R.S.E., Consulting Adviser to the Corporation 

of Ixmdon under the Petroleum Acts. Crown 8vo, cloth. Ii§t SIO 

" Professor Clowes has given us a volume on a subject of much industrial lmp<»tance . . . 

Those interested in these matters may be recommended to study this book, which is easy of cranpre- 

hension and contains many good things."— rA< Engitutr. 

" A book that no mining engineer certainly no coal miner— can afford to ignore or to leave 

COAL & IRON INDUSTRIES of the UNITED KINGDOM. 

Comprising a Description of the Coal Fields, and of the Principal Seams ot 
Coal^ with Returns of their Produce and its Distribution, and Analyses of 
Special Varieties. Also, an Account of the Occurrence of Iron Ores in Veins or 
Seams ; Analyses of each Variety ; and a History of the Rise and Progress of 
Pig Iron Manufacture. By Richard Mbadb. 8vo, doth . . £1 8a. 
" Ofthis book we may unreservedly say that It is the best of its class which we have ever 

met ... A book of reference which no one engaged in the iron or coal trades should omit from 

his library."— /rvn attd Coal TratUs Review. 

ASBESTOS AND ASBESTIC. 

Their Properties. Occurrence, and Use. By Robert H. Jonbs, F.S.A., 
Mineralogist, Hon. Mem. Asbestos Club, Black Lake, Canada. With 
Ten Collotype Plates and other Illustrations. Demy 8vo, cloth. 

[Just Publishfd. 16/0 
" An interesting and invaluable wo^"— CoUiery Guardian. 

GRANITES AND OUR GRANITE INDUSTRIES. 

By Oborgb F. Harris, F.G.S., Membre de la Soci^t6 Beige de G6>logie, 
Lecturer on Economic Geology at the Birkbeck Institution, &c With Illus- 
trations. Crown 8vo, cloth 2/6 

" A dearly and weU-wrttten manual for persons engaged or interested In the gnmlte faidustry.' 
—■Scotsman. 

TRAVERSE TABLES. 

For use in Mine Stn^ejring. By W. Lintbrn, Mining 
8vo, cloth. [Just Puhi 
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SUBMARINE TELEQRAPH5. 

Their History, Constmction, and Working. Foanded in part on W6nschbh> 
dorff's " Traits de T^I^aphie Sous-Marine," and Compiled from Authorita- 
tive and Exclusive Sources. By Charles Bright, F.R.S.E. Royal 8vo, 
780 pp., fully Illustrated, including Maps and Folding Plates. IVet £3 8a« 
" There are few, if any, persons more fitted to write a treatise on submarine telqpraphy than 



Mr. Charles Brig^ht. The author has done his work admirably, and has written in a way which wiU 
appeal as much to the layman as to the engineer. This adnurable volume must, for many years to 
come, hold the position of the English classic on submarine telegraphy."— £M(^>Mer. 

" Mr. Bright's hiterestiiM[ly written and admirably illustrated book wiU meet with a wdcome 
reception from cable mea."— Electrician. 

" The author deals with his subject from all points of view— political and strategical as well as 
scientific. The work will be of interest, not only to men of science, but to the general public We 
can strongly recommend it."— A t/tcnaum. 

DYNAMO ELECTRIC MACHINERY: lis CONSTRUC- 

TION, DB5ION, and OPERATION. 

By Samuel Sheldon, A.M., Ph.D., Professor of Physics and Electrical 
Engineering at the Polytechnic Institute of Brooklyn, assisted by Hobart 
Mason, B.S. 

In tioo volumes, sold separately, as follows : — 
Vol. I.— DIRECT CURRENT MACHINES. Third Edition, Revised. Large 
crown 8vo. 280 pages, with 300 Illustrations. 

l/ust Published, Net 1 2/0 

Vol. II.-ALTERNATING CURRENT MACHINES. Large crown 8vo. 260 

pages, with 184 Illn«5trations. [/w*^ Published, Net 1 2/0 

Designed as Text-books for use in Technical Educational Institutions, and by Engineers 

whose work includes the handling of Direct and Alternating Current Machines respectively, and 

for Students proficient in mathematics. 

THE ELECTRICAL ENQINEER'5 POCKET-BOOK. 

Consisting of Modem Rul^ Formulae, Tables, and Data. By H. R. Kbmpb, 
M.Inst.£.E., A.M.Inst.C.£., Technical Officer Postal Telegraphs Author of 
" A Handbook of Electrical Testing," &c. Second Edition, Revised, with 
Additions. With numerous Illustrations. Royal 3amo, oblong, leather fi/Q 

" It is the best book of its Visi±''—BUctrical Enginur. 

" The Electrical Engineer's Pocket-Book is a good iMit."^BUciHcian. 

" Strongly recommended to those engaged in the electrical industries."— ^/IreMas/ RevUw, 

ELECTRIC LIGHT FITTINQ- 

A Handbook for Working Electrical Engineers, embodying Practical Notes on 
Installation Mani^ement. By J. W. Urquhart. With numerous Illustrations. 

Third Edition, Revised. Crown 8vo, cloth 6/0 

'* This Tohmie deals with what may be termed the mechanks of dectric lighting, and is 
addressed to men who are already engaged in the woric, or are training for it. The work traverses 
a great deal of ground, and may be r^d as a sequel to the same author's useful woric on ' Electric 
IJ^V—BUdrician. 

ELECTRIC LIGHT. 

Its Production and Use, Embodyinjs Plain Directions for the Treatment of 
Dynamo-Electric Machines, Batteries, Accumulators, and Electric Lamps. 
By J. W. Urquhart, C.£. Sixth Editiim, Revised, with Additions and 145 
Illustrations. Crown 8vo, doth. [Just Published, 7/6 

" The whole ground of electric Ugfadng Is mote or less covered and explained in a very clear 
mwtA concise taaaaKt."^-BicctfnlcitI Review. 

" A vade-mecum of the salient £Kts connected with the sdence ot dectrlc lighting."— 
SleetHcian. 

DYNAMO CONSTRUCTION. 

A Practical Handbook for the Use of Engineer-Constructors and Elcctridans- 
in-Charge. Embracing Framework BuDding, Field Magnet and Armature 
Winding and Grouping, Compounding, &c. By J. W. Urquhart. Second 

Edition, Enlarged. Crown 8vo, cloth 7/6 

" Mr. Urquhart's book is the first one which deals with these matters in such a way that tb» 
engineering student can understand them. The book is Tery readable, and the author leads bto 
reaien up to diflicult subjects by reasonably simple t9Sts."'~SntrimeriHf Review, 



84 CROSBY LOCKWOOD S- SON'S CATALOGUE. 
ELECTRICAL AND MAGNETIC CALCULATIONS. 

For the Uie of Electrical EnfioMn and Artkans, Tcachcn, Students, and all 
others interested in the Theory and Applicatioa of Electricity and Magnetism. 
Bv A. A. Atkinson, Professor <rf Electricity in Ohio Unlversi*y. Crown 8vo, 
cloth. \Jutt Pnhlisked, Net 9/0 

THE ELEMENTS OF ELECTRICAL ENGINEERING. 

A First Year's Cou*^ for Students and Workmen By TrsoM Sbwbll, 
A T.E.K., Assistant Lecturer and Demonstrator in Electrical Engineering at 
the Pol>technic Regent Street, London. With upwards of 200 Illustrations. 
Demy Sro. cloth. [Just PnkHsked, Net 7/6 

THE MANAGEMENT OP DYNAMOS. 

A Handy Book of Theory and Practice for the Use of Mechanics, Engineers, 

Student^ and others in Charge of Dynamos. By G. W. Li7MMIS>Patbrson. 

Second Edition, thoroughly Keviaad and Enlarged. Ckx>wn 8vo, ck>th. 476 

** An example which desenras to tw taken as a modal bjr other Mtthon. Tke sut^oct Is tMated 

la a manner which any intelligent man who Is fit to be entr u sted with chaise of an engine should 

be aUe to undentand. It Is a useftil booit to all who make, tend, or employ e l ectric ■m a chin e r y. 

-^ncAONr. 

THE STANDARD ELECTRICAL DICTIONARY. 

A Popular Encyclopedia of Words and Terms Used m the Practice ofElectrical 

Ensineering. By T. O'Conor Sloans. A.M., Ph.D. Third Edition. 

with Apptiidix. Crown 9vo, 66q pp., 990 lUustratioos, cloth . . JV<t "JIS 

" The work has many attrecthpe featerss In It. and Is, bMrood doubt, a weB put together and 

MeM publication. The amount of ground covered may be gathered from the fiict diat In the indea 

hbottt S.600 reforeocet wlU be ibund.^'-^/«*ita/ RgwUm. 

ELECTRIC SHIP-LIGHTING. 

A Handbook on the Practical Fitting and Running of Ships' Electrical Plant 
For the Use of Shipowners and Builders, Marine Electrisans, and Sei^oing 
Engincers-in-Charge. By J. W. UitQUHART, C.E. Second Edition, Revised 
and Extended. 396 pp., with 88 Illustrations, Crown 8vc, doth . . 7/6 
** The subject of ship electric Hghttag Is one of vast h np ortance, and Mr. Urqnhatt Is to be 
highly complimented for pladng such a valuable work at the service or marine electridaas."— 77lr<- 

ELECTRIC LIGHT FOR COUNTRY HOUSES. 

A Practical Handbook on the Erection and Running of Small Installations, 
with Particulars of the Cost of Plant and Working. By T. H. Knight. 
Third Edition, Revised. Crown 8vo, wrapper. l/M$t Publishid. 1/0 

Electric lighting (elementary principles of). 

By Alan A. Campbell Swinton, M.InstCE., If .Inst.E.E. Fourth Edition, 
Revised. With 16 Ilhistrations. Crown Svo, doth. [Just Published. 1/6 

DYNAMIC electricity AND MAGNETISM. 

By Philip Atkinson, A.M., Ph.D., Author of "Elements 01 Static 
, Electricity," &c Crown 8vo, 417 pp., with xao Illustrations, cloth . 10/6 

POWER TRANSMITTED BY ELECTRICITY 

And appHed by the Electric Motor, including Electric Railway Construction. 
By P. Atkinson, A,M., Ph.D. Third Edition, Fully Revwed, and New 
^fatter added. With 94 Illustrations. Crown 8vo, cloth . . Net 9'0 

HOW TO MAKE A DYNAMO. 

A Practical Treatise for Amateurs. Containing numerous Illustrations and 
Detailed Instructions for Constructing a Small Dynamo to Produce the 
Electric Light. By Alfred Cropts. Sixth Edition, Re^dsed and Enlarged. 
Crown Svo, doth. [Just Published, 2/0 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. 

By H. M. NoAD, F.R.S. Cheaper Edition. 650 pp., with 470 Illustrations 
CrpwD Svo, cloth , . . 9/0 
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PRACTICAL BUILDING CONSTRUCTION. 

A Handbook for Students Preparing for Bxamxnations, and a Book of 

Reference for Persons Ensued in Building. By Tohn Parnbll Allen, 

Surveyor, Lecturer on Building Construction at tne Durham College of 

Science, Newcastle-on-Tyne. Third Edition, Revised and Enlarged. 

Medium 8vo, 450 14>., with 1,000 Illustrations, doth. [Just Published. 7/6 

** The most complete exposition of buiklinsr c<mstniction we have seen. It contains all that is 

necesnrjr to prepare students for the vatious examinations in buUdlng contttructitm.''---SttiUta^ 

News. 

" The sntfaor depends neariy as mnch on hb dla gi auw as on hb typei. The pages suggest 
the hand of a mm of experience m bnilding opentionfr-«ad the volume must be a olessing to 
many teachers as well as to students."— rA^ Architect. 

** The work is sure to prove a formidable rival to great and smaH competitors aMke, and 
bids fidr to take a permanent place as a fi " " *" " ' -*• • . . ... 



B favourite student's text4x)ok. The laige number of illuv 
nanons aeserve particular mention tor the great merit thejr possess for purposes of reference in 
exactly corresponding to convenient scales."— y^Mrwo/e/^M^ RegfoilmHtiOe ^British ArcMtectt. 

PRACTICAL MASONRY. 

A Guide to the Art of Stone Cutting. Comprising the Cbostmction, Setting 

Out, and Working c£ Stairs, Circular W<Mrk, Arches, Niches, Domes, Penden* 

tives. Vaults, Tracery Windows, &c«>&c For the Use of Students, Masons, 

and other W<Mrkmen. Bv William R. Pukchasb, Buikling Inspector to the 

Borough of Hove. Ilurd Edition, with GkMsary oi Terms. Royal 8vo, 14a n>*, 

with 5a Lithographic Plates, comprising nearly 400 separate Diagrams, 

cloth. — ^-*~ "^ ' \Just Published, im 

**Mr. Pnrdiaae's ' Practical Masonry 'wffl undoubtedly be found useAil to all infeerested In 

this Important subject, whether theoreticauy or practically. Most of the examples given are from 

actual work carried out, the diagrams being careftilly drawn. The book b a practical treatise on 

the subject, theauthor himself having Coquoenoed as an operative inason. and afterwards acted as 

foreman mason on many large andlmportant bwldlngs prior to tile attainment of his present 

position. It should be found of general utfflty to architectural students and others, as well as to 

those to whom it is specially addressed."— yiwrna/ of the Royal Institute qf British Architects. 

MODERN PLUMBING, 5TEAM AND HOT WATER 

HBATINO. 

A New Practical Work for the Pluraher, the Heating Engineer, the Architect, 
and the Builder. By J. T. Lawler, AuUior of " American Sanitary Plumbing," 
&c. With 284 Illustrations and Folding Plates. 4to, cloth. 

[Just Published. Net 21/- 

HEATINQ BY HOT WATER. 

With Information and Suggestions on the best Methods of Heating Public, 
Private and Horticultural Buildings. By Walter Jones. Second Edition. 

With 96 Illustrations, Crown 8vo, cloth Nti 2/6 

•• We confident^ recommend aU interested in heating by hot water to secure a copy of this 
valuable little treatise.^— rA< Plumber mnd Decoruter. 

CONCRETE : IT5 NATURE AND U5E5. 

A Book for Architects, Builders, Contractors, and Clerks of Works. By 
George L. Sutcliffb, A.R.I. B.A. 350 pp., with numerous Illustrations. 

Crown 8yo, cloth 7/6 

"The author treats a difficult subject In a Indd manner The manod fills a long-fielt gap. 
It Is careful and exhaustive ; equafiy usefiil as a student's guide and an architect^ book of 
re fer ence."— yoKTwo/ o^the Reyal InstituU ^British Architects. 

" There is room for this new book, which will probably be for some time die standard work 
on the subject for a builder's purpose."— ^tej;finv HeraU. 

LOCICWOOD'5 BUILDER'5 PRICE BOOK for 190a. 

A Comprehensive H.'uidbook of the Latest Prices and DaU for Builders. 
Architects, Engineers, and Contractors. Re-constructed, Re-written, and 
Greatly Enlarged. By FRANas T. W. Miller. 800 ck>sely-printed pages, 

crown 8vo, cloth 4/0 

" This book is a rery useAil one, and should find a place in every English office connected 
with the building and engineering professions."— /wdliM^riM. 
•• An ea B c die nt book of reference."— ^rcA^te^t 

"In its new and revised form this Price Book is what a work of tUs kind shoold t 
henslv^. reliable, well arranged, legible, and well bound. '-^rMr A Arthiteet, 
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THE DECORATIVE PART OP CIVIL ARCHITECTURE. 

By Sir William Chambbbs, F.R.S. With Portrait, IB uUiaii unt, Notes, and 
an ExAMinATiOM or Gukiam A wjuiBCiuaa , by Jocbph Gwilt, F.SJL 
Rariaed and Editad by W. H. Lbm. 66 Plataa, 4to» doth . . 21/0 

THE MECHANICS OP ARCHITECTURE. 

A TreattM oo Applied Mfchanict, <t«pficiany Adapted to the Use of Architects. 
By B. W. Takn, M^ Antbor of ^ The Science of Boildmg,'* ftc Second 
BditioQ, Enlarged. luostrated with i9$ DiagrasM. Crown 8to, dodi 7/6 
** The book is a vaty tnelbl and iMlpAil mamial of aichkectnrd mwrhanlirt. '—BuiUer. 

A HANDY BOOK OP VILLA ARCHITECTURE. 

Being a Series of Designs for Villa Residence s in various Styles. With 
Oathne Specifications and Estimates By C Wiocxs, Architect. 6i Plates, 

4to, half-morocco, gilt edges dSI lis. Go. 

** The whole of the derigns bMT evtdeoce orthdr b«li« the woffc of aa aftisdc aicbkect. and 
tkejr wm prove vety ▼ahwbl* and au gg e aU t e ."— ^wtfrffv" Ntw*, 

THE ARCHITECTS GUIDE. 

Being a Text-book of Useful Information for Architects, Engineers, S ur ^ors, 
Contractors, Clerks of Works. &c., ftc By Fkbdbmck Rogsks, Architect. 
Third Edition. Crown 8vo, cloth 8/6 

ARCHITECTURAL PERSPECTIVE. 

The whole Coarse and Operations of the Draughtsman in Drawing a Larae 

Hooae in Linear Perspective. lUostratcd by 43 Folding Plates. By F. O. 

Ferguson. Second Eidition, Enlarged. 8vo, boards .... 8/6 

** It te the uMBt ImelUfffble of the trMdaea 00 this m-tteeled sob^act tiiat I hawe aaat wkh."— 

B. INGRSSS BBLL, Esg.7inth« ^./^^. y^tumml 

PRACTICAL RULE5 ON DRAWING. 

For the Operative Builder and Yoong Student in Architectore. By Gborgb 
Pynk. 14 Plates, 4to, boards 7/6 

MEASURING AND VALUING ARTIFICER'S WORK 



(The Student's Guide to the Practice oQ. Containing Directions for taking 
Dimensions, Abstractinff the same, and bringing the Quantities into Bill, with 
Tables of Constants for Valuation of Labour, and for the Calculation of Areas 



and Solidities. OriginaUy edited by E. Dobson, Architect. With Additions 

by E. W. Takn, MA. Seventh Edition, Revised. With 8 Plates and 

63 WoodcuU. Crown 8vo, cloth. (/«m/ Published. 7/6 

**Thlfledhk}nwinb« fDund the moat complete treatbe on the prindplea of moaaailnc and 

vakihie artificer's woric that has yet bean publiBhed."-.^M^;M6v Akav, 

TECHNICAL GUIDE, MEASURER, AND ESTIMATOR. 

For Builders and Surveyors. Containing Technical Directions for Measuring 
Work in all the Building Trades, Complete Specifications for Houses, Roads, 
and Drains, and an ^uy Method of Estimating the parts of a Building 
collectively. By A. C. Bbaton. Ninth Edition. Waistcoat>pocket sise, 

giltedges 1/6 

"No buildar, architect, surveyor, or vahier should be wHhoathb 'Beaton. '"-^MtftMNir ^«ev. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 

A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay 
on the Structure and Science of Modem Building Upon the Basis of the 
Work by Alfred Bartholomew, thoroughly Revised, Corrected, and greatly 
added to by Frbdbrick Rogers, Architect. Third Edition, Revised. 8vo, 

cloth 16/0 

"The work Is too wdl known to need any recommendatkm from ns. It b one of the books 
w!th which every young architect must be equipped."— ^rvWtecC 

THE HOUSE-OWNER'S ESTIMATOR. 

Or, What will it Cost to Build. Alter, or Repair? A Price Book for Un- 

rfessional People as well as the Arcnitectural Surveyor and Builder. By 
D. Simon. Edited by F. T. W. Miller, A.R.I.B.A. Fifth Edition. 
Carefully Revised. Crown 8vo, cloth. [/««/ Pvblisfud. Net 3/6 

" In two years it will repay its cost a hundred times oyt»."— Field. 
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THE BACTERIAL PURIFICATION OF 5EWAQE: 

Being a Practical Account of the Various Modem Biological Methods of 
Purifying Sewage. By Sidney Barwise, M.D. (Lond.), D.P.H. (Camb.), 
etc. With 10 Page Plates and 2 Folding Diagrams. Roysu 8vo, cloth. 

[/ust Published. Net 6/0 

THE PURIFICATION OF SEWAGE. 

Being a Brief Account of the Scientific Principles of Sewage Purification, and 
their Practical Application. By Sidney Barwise, M.D. (Lond.), M.R.C.S., 
D.P.H. (Camb.), Fellow of the Sanitary Institute, Medical Officer of Health 
to the Derbyshure County Council. Crown 8vo, doth. [/««/ Published. 6/0 

WATER AND ITS PURIFICATION. 

A Handbook for the Use of Local Authorities, Sanitary Officers, and others 
interested in Water Supply. B^ S. Ridbal, D.Sc. Lond., F.I. C. Second 
Edition, Revised, with Additions, including numerous Illustrations and Tables. 
Large Crown 8vo, cloth. [Just Published, Net 9/0 

RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water* 
works for Small Country Districts. By Allan Grbbnwbll, A.M.I.C.E., 
andW. T. Curry, A.M.I.C.E. Revised Edition. Crown 8vo, cloth 6/0 

THE WATER SUPPLY OF CITIES AND TOWNS. 

By William Humbbr, A.M. Inst. C.E., and M.Inst. M.E. Imp. jito, half, 
bound morocco. (See page zi.) Net £6 6s. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OF. WATER- WORKS. 

By Professor W. K. Burton, A.M. Inst. C.E. Second Edition, Revised 

and Extended. Royal 8vo, cloth. (See page za) . . . . 26/0 

WATER ENQINEERINQ. 

A Practical Treatise on the Measurement, Ston^e, Conveyance, and Utilisa* 
tion of Water for the Supply of Towns. By C. Slagg, A.M. Inst. C.E. 7/6 

SANITARY WORK IN SMALL TOWNS AND VILLAGES. 

By Charlbs Slagg, A. M. Inst. C.E. Crown 8vo, cloth . . . 8/0 

SANITARY ARRANGEMENT OF DWELLING-HOUSES. 

By A. J. Wallis-Tavler, A.M.Inst.C.E. Crown 8vo, cloth . . 2/6 

MODERN PLUMBING, HOT WATER HEATING, &c. 

A New Practical Work for the Plumber, the Heating Engineer, the Architect, 
and the Builder. By J. T. Lawler, Author of *' American Sanitary Plumbing," 
&c With 284 Illustrations and Folding Plates. 4to, cloth. 

{JustPublishedlsxitps^e^i^. Net 21/- 

PLUMBING. 

A Text-book to the Practice of the Art or Craft of the Plumber. By W. P. 
BucHAN, R.P. Ninth Edition, Enlarged. Crown 8vo, cloth . 8/6 

VENTILATION. 

A Text-book to the Practice of the Art of Ventilating Buildings. By W. P. 
BucHAN, R.P. Crown 8vo, cloth 8/6 

THE HEALTH OFFICER'S POCKET-BOOK. 

A Guide to Sanitary Practice and Law. For Medical Officers of Health, 
Sanitary Inspectors, Members of Sanitary Authorities, &c. By Edward 
F. WiLLOUGHBV, M.D. (Lond.), &c. Second Edition, Revised and Enlarged. 
Fcap. 8vo, leather. [Just Published. Net 10/6 
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THE ELEMENTARY PRINCIPLES OP CARPENTRY. 

A Treatbe oo the Pieiame aod Eqoflibriom of Timber Framing, the Resistance 
of Timber, and the Constmctioo of FIo<xs, Arches, Bridges, Roofs, Unitii^ 
Iron and Stone with Timber. &c To tdiich is added an Essay on the Nature 
and Properties of Timber, &c., with Deacriptioos of the kinds of Wood used 
in Buildmg ; also nomeroos Tables of the Scantlfaigs of Timber for different 
norposea, the Specific Gravities of Materials, ftc By Thomas Trsdgold, C. £. 
Witn an Appmdix of Specimens of Various Rooifs of Iron and Stone, Illus- 



trated. Seventh Edition, thoroughly Revised aod coosiderably Enlarged by 
B. Wtndham Takm, M.A., Aothor of "The Sdence of Building," &c 
With 6i Plates, Portrait of the Author, aod several Woodcuts. In One large 

Vol., 4to, doth 26/0 

••Ought to be In vtvy architect's and every buOder'c ttbn*f."'S*tiUer. 
"A woric whoM mo numitti l •xcelleace must commend It wherever sUUul carpentry is 
coocemed. The author's prtociples are rather cootaaed ttun taapalred bjr time. The additkmal 
plates are of great tatrtask rwhu^-^BmiUHt^ Ntmt. 

WOODWORKING MACHINERY. 

Its Rise, ProgreM, and Construction. With Hints on Uie Management of Saw 

Mills and the Economical Conversioa of Timber. Illustrated with Examples 

of Recent Dengns by leading English, French, aod American Engineers. By 

M. Powis Bals, A.M.Inst.C.E., M.I.M.B. Second Edition, Revised, 

with large Additions, large crown Svo, 440 pp., cloth .... 9/0 

" Mr. Bale is evidenthr an expert <» die subject, and he has coBected so much faiforraatlon 

that Us book is aIl-tuAcientft>r builders and others engaged in the conversion of timber. "-^rvAsXctt 

"The most comprehensive compendium of wood-worldng madiinery we have seea. The 

aathor Is a thorough master ttf his subject "—i^M^lMAv J^tws. 

SAW MILLS. 

Their Arrangement and Management, and the Eccmomical Ccmversion of 

Timber. By M. Powis Balb, A.M.Inst.C.£. Second Edition, Revised. 

Crown Svo, cloth. [Just PnbUsfmd. 10/6 

•* The mdmiHisirmtttH of a large sawing sstibHthmeat Is dls c in s ed , sad tke subject wamined 

from a financial standpoint. Hence the sise, shape, order, and disposition of saw mUfa and the Uke 

are gone into in detail, and the course of the timber Is traced from Its reception to its ddivery hi its 

converted state. We could not desire a more complete or practical treatise."— uffMtfMrr. 

THE CARPENTER'S GUIDE. 

Or, Book of Lines for Carpenters ; comfmsmg all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the late Peter 
Nicholson's standard work. A New Editicm, Revised by Arthur Ashpitel, 
F.S.A. Together with Practical Rules on Drawmg, by George Ptne. 
With 74 Plates, 4to, doth .... ... £1 1 •• 

A PRACTICAL TREATISE ON HANDRAILINQ. 

Showing New and Simple Methods for Findmg the Pitch of the Plank, Drawing 
the Moulds, Bevelling, Joindng-up, and Squarine the Wreath. By George 
CoLLiNGS. Second Edition, Revised and EiUaned, to which u added 
A Treatise on Stair-building. With Plates and Diagrams . . 2/6 

" Will be found of practical utility In the ezecuti<m of this difficult branch of Joinerjr."— A«£M^. 

'* Almost every duBcult phase of this somewhat intricate branch of joinery is elucidated by 
the aid ot plates and explanatory letterpress. "—^Wrw^iiMfv AmmMc 

CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work of Single and Double Curvature. By 
Gborgb Colungs. With Diagrams. Third Edition, xamo, doth . 2/6 

" An excellent e x a m ple of what a book of this Und shook! be. Cheap in price, dear in 
definition, and practical in the examples selected, "-n^wi^^dfrr. 

THE CABINET-MAKER'S GUIDE TO THE ENTIRE 

CONSTRUCTION OP CABINET WORK. 

By Richard Bitmkad. Illustrated with Plans, Sections and Working 
Drawings. Crown Svo, cloth. [Just Pnblishtd, 2/6 
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HANDRAILINQ COMPLBTE IN EIGHT LESSONS. 

On the Square-Cat Svstem. By J. S. Goldthokp, Head of Building 
Department, Halifax Technical School. With Eight Plates and over 150 

Practical Exercises. 4to, cloth 8/6 

" Likely to be of considerable value to Joiners and others who take a pride in good woik. 

Tte arranseaaent of the bo<dc is excellent. We heaztfly commend It to teachers and stvdents."— 

Tifftber Trades youmal, 

TIMBER MERCHANT'S and BUILDER'S COMPANION. 

Containing New and Copious Tables of the Reduced Weight and Measure- 
ment of Deals and Battens, of all sizes, from One to a Thousand !Pieces, and 
the relative Price that each size bears jytr Lineal Foot to any given Ptice per 
Petersburgh Standard Hundred ; the Price per Cube Foot of Square Timoer 
to any given Price per Load of 50 Feet, &c., &c. By William Dowsing. 
Fourth Edition, Revised and Corrected. Crown 8vo, cloth . . . 3/0 
"We are s^d to see a fourth edition of these admirable tables, which for correctness and 
simplicity of arrangement leave nothing to be A9sAxeA."— Timber Trades youmcU. 

THE PRACTICAL TIMBER MERCHANT. 

A Guide for the Use of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for all purposes conne(^ed with the Timber Trade, 
Marks of Wood, Essay on the Strength of Timber, Remarks on the Growth of 
Timber, &c By W. Richardson. Second Edition. Fcap. 8vo, cloth . 3/6 
"Contains much valuable information for timber merchants, builders, foresters, and all 
others connected with the growth, sale, and manu&cture of ^asAn&t.— youmal ef Forestry. 

PACKINO-CASE TABLES. 

Showing the number of Superficial Feet in Boxes or Packing-Cases, from six 
inches square and upwards. By W. Richardson, Timber Broker. Third 

Edition. Oblong 4to, cloth 3/6 

" Invaluable labour-saving \sAAai."—lronmoHgtr. 

GUIDE TO SUPERFICIAL MEASUREMENT. 

Tables calculated from x to 300 inches in length by i to xo8 inches in breadth. 

For the use of Architects, Surveyors, Engmeers, Timber Merchants, 

Builders, &c. By Jambs Hawkings. Fifth Edition. Fcap., cloth. 3/6 

*' A useful collection of tables to facilitate rapid calculation of surfaces. The exact area of 

any surface of which the limits have been ascertained can be instantly detenntned. The book wfll 

be foimd of the greatest utility to all engaged in building operations. --sSM^ImMm. 

PRACTICAL FORESTRY. 

And its Bearing on the Improvement of Estates. By Charles E. Curtis, 
F.S.I., Professor of Forestry, Field Engineering, and General Estate 
Management, at the CoUege of Agriculture, Downton. Second Edition, 
Revised. Crown 8vo, cloth. [/ms< Publish*d. 3/6 

Summary of contents : — prhfatory Remarks. — Objects of planting.— 
Choice of a Forester.— Choice of Soil and Site.— Laving Out of Land for 
Plantations.— Preparation of the ground for planting.— Drainage.— Plant- 
ing.— Distances AND Distribution of Trees in plantations.— Trees and Ground 
Game.— Attention after planting.— Thinning of plantations —Pruning of 
Forest Trbes.—Realization.— Methods of Sale.— Measurement of Timber.— 
Measurement and Valuation of Larch plantation.— Fire Lines.— Cost of 
Planting. 

" Mr. Curtis has in the course of a series of short pithy chapters afforded much informa* 
tion of a useful and practical character on the planting and subsequent treatment of trees."— 
Illustrated CarpenUr and Builder. 

THE ELEMENTS OF FORESTRY, 

Designed to afford Information concerning the Planting and Care of Forest 
Trees for Ornament or Profit, with suggestions upon the Creation and Care of 
Woodlands. By F. B. Hough. Large crown 8vo, cloth . 10/0 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 

AND BUILDBR'S STANDARD QUIDB. 

By Richard E. Grandv. Comprising :— An An^ysis oi Deal Standards, 
Home and Foreign, with Comparative Values and Tabular Arrangements for 
fixing Net Landed Cost on Baltic and North American Deals, including all 
intermediate Expenses, Freight, Insurance, &c. ; together withcq;>ioas Infcvma* 
tioo for the Retailer and Builder. Third EdittOQ. nno, doth . . 2/0 
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DECORATIVE ARTS, ftc. 



M. 35. 36. WAULSORT MA&BLB; VARIBTIBS OP GRAIN, UNFINISHBO AND FiNISHBD 

Sraciu — 



5CHOOL OP PAINTING POR THE IMITATION OP 
WOODS AND MARBLES. 

As Taught and Practised by A. R. Van dbk Bukg and P. Van dbr Bukg, 
Directors of the Rotterdam Painting Institution. Royal folio, 18} by Z2| in., 
Illustrated with 94 fiillHUtt Coloured Plates ; also is plain Plates, comprising 
154 Figures. Third Edition, cloth. {Jutt Puilufud. iSI lis. 60. 

L4ST OF PLATBS :— I. VARIOUS TOOLS RBQUIRBO FOR WOOD PAINTINC— «. 3. WALNUT ; 
PRBLIUINARY STAGBS OF GRAINING AND FiNISHBD SPBCIUBN.— 4. TOOLS USED FOR 

Marblb painting and Mbthod OF Manipulation.— <, «. St. Rbui Marble; 
Earlibr operations and Finished Specimen. — 7. Methods op Sketching 
diffbrent grains. knots. &c— «, 9. ash: preliminary stagbs and finished 

SPECIMEN. —SO. METHODS OF SKETCHING MARBLE GRAINS —II. ta. BRECHE SlARBLE; 
PRELIMINARY STAGES OF WORKING AND FINISHED SPECIMEN.— 1> MAPLE ; METHODS 
OF PRODUCING THE DiFFBRENT GRAINS.— 14. 15 BlRD'S-EYB MAPLE; PRELIMINARY 
STAGBS AND FINISHED SPECIMEN.— I«w METHODS OF SKETCHING THE DiFFBRENT 
SPECIES OF WHITE MARBLE.— 17. it. WHrTE MARBLE ; PRELIMINARY STAGES OF 
PROCESS AND FINISHED SPECIMEN —19. MAHOGANY; SPECIMENS OF VARIOUS GRAINS 
AND METHODS OF MANIPULATION. —•0, U. MAHOGANY ; EARLIER STAGES AND 
FINISHED SPECIMEN.— n, 9% •4. SiBNNA MARBLB: VARIETIES OF GRAIN. PRELIMINARY 
STAGES AND FiNISHBD SPECIMEN.— •$. 16, •7. JUNIPER WOOD; METHODS OF PRO- 
DUCING GRAIN. Ac ; PRELIMINARY STAGBS AND FINISHED SPECIMEN.— oS. ao. 3a VERT 

DR mer Marble; Varibtibs of grain and methods op working, unfinished 
AND Finished Specimens.— 31. 3a. n. oak ; Varieties op Grain. Tools Employed 
and methods of Manipulation, preliminary stages and Finishbd Specimen.— 
35, 36. WAULSORT Marblb 

CIMBNS. 

" Those who Ji rin to attain aldll In the art of pafaitfaig woods and marbles will find advantage 

Mlthv this book. . . . Someof the Worlc&g Man's dubs should gire their young men 
tiie opportunity to study k.''-^tMdtr. 

'' A compfebensiTe guide to the art The exptanatloos of the proceaaes, the manipulatioa 
and management of the cotftuis, and the beautifully executed plates wUl not be the least Tamable to 
tbm student who ainu at maldng his worii a fiUthliil transcript of nature. "—^m^A^Ai^ J^ems, 

** Students and novices are fortunate who are able to become tb» poetewors of sonoUea 
work."— 77W jtrdkOiA 

ELEMENTARY DECORATION. 

A Guide to the Simpler Forms of Everyday Art. Together with PRACTICAL 
HOUSE DECORATION. Bv Tambs W. Facbv. With numerous lUus- 
tratioos. In One Vol., strongly hau*bound 5/0 

H0U5E PAINTING, QRAININQ, MARBLING, AND 

SION WRITING. 

A Practical Manual of. B^ Ellis A. Davidson. Eighth Edition. With 
Coloured Plates and Wood Engravings, ismo, cloth boards . 8/0 

" A maM of Infoimatlon of use to the amateur and of value to the practical maa."—£fi£iisM 
MttMmnic, 

THE DECORATOR'5 A55I5TANT. 

A Modem Guide for Decorative Artists and Amatecu^, Punters, Writers, 
Gilders, &c. Containing upwards of 600 Receipts, Rules, and Instructiixis ; 
with a variety of Information for General Work connected with every Clas.s of 
Interi<M: and Exterior Decorations, &c Seventh Editi<Mi. 15a pp., cr. 8vo. 1 /O 
"FuUof receipts of value to decorators, painters, gilders, &c The book contains the gist of 

burger treatises on colour and technical processes. It would be difficult to meet with a work so fuB 

of varied information <» the painter's 9Xt."—Buiktifte Nnvs. 

MARBLE DECORATION 

And the Terminology of British and Foreign Marbles. A Handbook for 
Students. By Gborgb H. Blagrovb, Author of " Shoring and its Applica* 
tion," &c with 98 Illustrations. Crown Svo, cloth .... 3/6 

" TUs most uaefiil and orach wanted handbook shoukl be in the hands of evenr architect and 
buDder."— AmOMn^ jytrld, 

"A carofuUy and usefully written treatise ; the wcrk is essentially practical."— 5«0/:mai(. 



DECORATIVE ARTS. Si>. 31 

DELAMOTTE 8 WORKS ON ALPHABETS AND 
ILLUMINATION. 



ORNAMENTAL ALPHABETS, ANCIENT & MEDIAEVAL. 

From the Eighth Centtury, with Numerals; including Gothic, Church-Text, 
large and small, German, Italian, Arabesque, Imtials for Illumination, 
Monograms, Ciosses. &c, ac, for the use of Architectural and Engineering 
Drau^tsmen, Missal Painters, Masons, Decorative Painters, Lithographers. 
Engravers, Carvers, &c, &c Collected and Engraved by F. Dblamottb, and 
printed in Colours. New and Cheaper Edition. Royal 8vo, oblong, 

ornamental boards 2/6 

** For those who insert enamelled sentences round gilded chalices, who blaron shop l^^ends 

onst shop-doors, who letter church walls with pithy sentences from the Decalogue, this book will be 

useAiL "—AtfuHOMtH. 

MODERN ALPHABETS, PLAIN AND ORNAMENTAL. 

Including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, 
Couit Hand, Engrossing^ Tuscan, Riband, Gothic, Rustic, and Ajrabesque; 
witli several Original Designs, and an Analysis of the Roman and Old English 
Alphabets, large and small^ and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Liuiographers. Engravers, Carvers, 
&c. Collected and Engraved by F. Dblamottb, and printed in Colours. 
New and Cheaper Edition. Royal 8vo, oblong, ornamental boards . 2/6 
" There is comprised in It erery possible shape into which the letters of the alphabet and 

nameials can be formed, and the talent which has been expended in the c<mception of the various 

plain and ornamental letters is w(fadetful."—Sta*ulard. 

MEDI/EVAL ALPHABETS AND INITIALS FOR 

ILLUMINATORS. 

By F. G. Dblamottb. Containing 31 Plates and Illuminated Title, ^nted 

in Gold and Colours. With an Introduction by J. Willis Brooks. Foiuih 

and Cheaper Edition. Small 4to, ornamental boards .... 4/0 

"A volimie in which the letters of the alphabet come forth glorified In gilding and all the 

coloars of the prism interwoven and intertwined and intermingled."— Smm. 

A PRIMER OF THE ART OP ILLUMINATION, 

For the Use of Beginners ; with a Rudimentary Treatise on the Art, Practical 
Directions for its Exercise, and Examples taken from Illuminated MSS., 
printed in Gold .and Colours. By F. Dblamottb. New and Cheaper 

Edition. Small 4to, ornamental boards 6/0 

" The examples of ancient MSS. reopmmended to the student, which, with much good sense, 

the author chooses from collections accesable to all, are selected with judgment and knowledge as 

wdl as taatio,"-~AtJ$€tueMm. 

THE EMBROIDERER'S BOOK OP DESIGN. 

Containing Initials^ Emblems, Cyphers, Monograms, Ornamental Borders. 
Ekxlesiastical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected by F. Dblamottb, and printed n Colours. Oblong 

royal 8vo, ornamental wrapper 1/6 

" The book will be of great assistance to ladies and young children who are endowed with 
the art of plying the needle in this most ornamental and useful prc^ •<m>t)L."~'Eiut Anglian Timts. 



INSTRUCTIONS IN WOOD-CARVINQ FOR AMATEURS. 

With Hints on Design. Bv A Lady. With zo Plates. New and Cheaper 

Edition. Crown 8vo, in emblematic wrapper 2/0 

" The handicraft of the wood-carver, so wdl as a book can fanpart it, may be leunt from 'A 
Lady's ' publication."— ^i:*«n4rwm. 

PAINTING POPULARLY EXPLAINED. 

By Thomas John Gullick, Painter, and John Timbs, F.S.A. Including 
Fresco, Oil, Mosaic, Water-Colour, Water-Glass, Tempera, Encaustic, 
Miniature, Painting on lyory, Vellum, Pottery, Enamel, Glass, &c Fifth 
Edition. Crown 8vo, cloth 6/0 

*«* AdopUd as a Ptiu Book at South KmsingUm, 
" Much may be learned, eren by those who fancy they do not require to be taught, from the 
careful perusal of this unpretending but comprehensive treatise, "-n^rr youmai. 
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NATURAL SCIENCE, ftc. 



THE VISIBLE UNIVERSE. 

Chapters oo the Origin and Coostractioo of the Heavens. By J. E. Gokb, 
P.R.A.S., Author of ^^ Star Groaps," ftc Illustrated by 6 Stellar Photographs 

and X8 Plates. Demy 8vo, cloth 1 6/0 

** A Taluabto and lucid fummarjr of raceat astroooaakal theory, tendered more Tataable and 
attracU ve by a series of steflar pboto|n*phs and other {Bustrattons."— r%< Timgs. 

" In presenttar a dear and coocise account of the present state of our kn o wledge Mr. Gore 
has nade a valuable addhloo to the Uterature of the subject."— A'tUMnr. 

" Mr. Gore's * Visible Universe ' is one of the finest works <m astronomical science that have 
recently appeared in our language. In spMt and in method it is scientific from cover to cover, but 
the style is so dear and attractive that it will be as acceptable and as readable to those who nudce 
no scientific pretensioas as to those who devote th«nselves specially to matters astr onomical "-» 



5TAR QR0UP5. 

A Student's Guide to the Constellations. By J. Ellaiid Gorb, P.R.A.S., 
M.R.I.A.{ ftc, Author of "The Visible Universe," "The Scenery ofjthe 



Heavens,*' &c With 30 Maps. Small 4to, cloth ..... 6/0 
" The volume contains tlihty maps showinj^ stars of the sixth magnitude— the usual naked-eye 
limit— and each te accompanied oy a brief commentary adapted to mcffitate recognition and bring 
to notice objects of special interest For the purpose of a preHminuy survey of the 'midnight 
pomp ' of the heareni nothing could be better than a set of delineations averaging scarcely twenty 
squaie inches in araa and inrliidhig nothing that cannot at once be identified."-NSMNn<<*y R«vUw. 

AN ASTRONOMICAL QL055ARY. 

Or, Dictionary of Terms used in Astronomy. With Tables of Data and Lists 
of Remarkable and Interesting Celestial Obiects. By J. Ellakd Gore, 
F.R.A.S., Author of '* The Visible Universe,** ftc Small crown 8vo, cloth. 

2/6 

** A very useful little work for begliiiiei'i in astronooBy« and not to be despised by more 
advanced students."— rk* Ttmus. 

" A very handy book ... the atfllty of which is much Jncraased by Its vifaable tables of 
as tronomical AMXM."—Ath4*untm, 

THE MICROSCOPE. 

lu ConstmctioD and Management. Including Technique, Photo-microgn4>hy, 
and the Past and Future of the Microscope. By Dr. Henri van Hburck. 
Re-Edited and Augmented from the Fourth French Edition, and Translated 
by Wynne E. Baxter, F.G.S. 400 pp., with upwards of 250 Woodcuts, 
imp. 8vo, doth 18/0 

** A translation of a weU-known woric« at once popular and compr^enstrei''- rifwwr. 

" The translation is as feUdtous as it is accurate. —Aio/vrv. 

A5TR0N0MV. 

By the late Rev. Robert Main, M.A., F.R.S. Third Edition, Revised by 
William Thynnb Ltnn, B.A., F.R.A.S., formerly of the Royal Observatory, 

Greenwich, xamo, cloth 2/0 

** A sound and simple treadae, very carefully edited, and a capital botdc for b^Elnners."— 

"Accurately brought down to the requirements of the present time by Mr. Lynn.''- 
S<i$tcaHcnal Titm€s, 

A MANUAL OP THE M0LLU5CA. 

A Treatise on Recent and Fossil Shells. By S. P. Woodward, A.L.S., 
F.G.S. With an Appendix on Recent and Fossil Conchological 
Discoveries, by Ralph Tate, A.L.S., F.G.S. With 23 Plates and 
upwards of 300 Woodcuts. Reprint of Fourth Edition (z88o). Crown 8vo, 

doth 7/e 

" A most valuaMe storehouse of conchological and geok>gk:al faiformation.'*— 5rA(»to Gms^. 

THE TWIN RECORDS OF CREATION. 

Or, Geology and Genesis, their Perfect Harmony and Wonderful Omcord. 

By G. W. V. LE Vaox. 8vo, cloth 6/0 

" A valuable contribution to the evidences of Revelation, and disposes very conclusively of 
the arguments of ttiose who would set God's Woriu against God's Word. No seal difficulty is 
•hirked, and no sophistry Is left uneKpoaed. "— TJis JUU, 
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HANDBOOK OP MECHANICS. 

By Dr. Lardnbr. Enlarged and re-written by Benjamin Lobwt, F.R. A.S. 
378 Illustrations. Post 8vo, cloth 6/0 

" The perspicuity of the original has been retained, and chapters which had become obsolete 
have been replaced by others of more modem character. The explanations throug:hout are 
studiously popular, and care has been taken to show the application of the various branches of 
physics to uie industrial arts, and to the practical business of me."~-MiHSHgr youmoL 

HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 

By Dr. Lardnbr. New Eklition, Revised and Enlarged by Benjamin Lobwt. 
F.R.A.S. With 336 Illustrations. Post 8vo, cloth .... 5/0 
"For those 'who desire to attain an accurate knowledge of physical science without the 
pflofomid methods of m a themati cal investigatioa,' this work is well adapted. "—CA^mtai/ Nrms. 

HANDBOOK OP HEAT. 

By Dr. Lardnbr. Edited and re- written by Benjamin Lobwt, F.R.A.S., &c 

1x7 Illustrations. Post 8vo, cloth 8/0 

** The style b always dear and precise, and conveys instruction without leaving any ckwdiness 
or hiridng doubts h6ti^d."—EngiMeeriHg. 

HANDBOOK OP OPTICS. 

By Dr. Lardnbr. New Edition. Edited by T. Olvbr Harding, B.A. Lond. 

With 298 Illustrations. Small 8vo, 448 pp., cloth 5/0 

" Written by one of the ablest English scientific writers, beautifully and elaborately iUustrated. " 

ELECTRICITY, MAGNETISM, AND ACOUSTICS. 

By Dr. Lardnbr. Edited bv Geo. Caret Foster, B.A., F.C.S. With 

400 Illustrations. Small 8vo, cloth Q/O 

" The book could not have been entrusted to any one better calculated to p r e serve the terse 

and lucid stjrle of Lardner, while correcting his errors and bringing up his work to the present 

state of scientific knowledge."— At^w^r Scitnct Review. 

HANDBOOK OP ASTRONOMY. 

By Dr. Lardnbr. Fourth Edition. Revised and Edited by Edwin Dunkin, 
F.R.A.S., Royal Observatory, Greenwich. With 38 Plates and upwards of 

100 Woodcuts. 8vo, cloth 9/6 

"Probably no other book contains the same amount of information in so compendious and 
w^ arranged a form—certainly none at the price at which this is offered to the pubUc."— ^iA«M«Mm. 
** we can do no other than pronounce this work a most valuable manual of astronomy, and 
we strongly recommend it to all who wish to acquire a general— but at the same time correct- 
acquaintance with thb sublime science."— i?Mar«rr-/> youmal o/Scitnet. 

MU5EUM OP SCIENCE AND ART. 

Eklited by Dr. Lardnbr. With upwards of 1,200 Engravings on Wood. In 
Six Double V flumes, iSI 1 s. in & new and elegant cloth bmding ; or hand- 
somely bound in half-morocco £1 lis. 6d. 

" A cheap and interesting publication, alike informing and attractive. The p^)ers combine 
subjects of importance and great scientific knowledge, ccHisideraUe inductive powers, and a popular 
style of treatment."— sS/«cta<^. 

StparaU books formtd from th* abovt. 



Common Thinff« Explained. 
The Microscope. 35. cloth. 
Popular Qeology. 25. 6<j. cloth. 
Popular Physics, as. 6d. cloth. 



Steam and its Uses. as. cloth. 
Popular Astronomy. 4s. 6d. cloth. 
The Bee and White Ants. as. cloth. 
The Electric Telegraph, zs. 6d. 



NATURAL PHILOSOPHY FOR SCHOOLS. 

By Dr. Lardnbr. Fcap. 8vo 3/8 

"A very convenient class book for junior students in private schools."— i7rMrA Quarttrljf 
Review. 

ANIMAL PHY5I0L0QY FOR 5CH00L5. 

By Dr. Lardnbr. Fcap. Svo 3/8 

" Clearly written, well arranged, and excellently illustrated."— (KinirM«r'/ CkrmicU, 

THE ELECTRIC TELEGRAPH. 

By Dr. Lardnbr. Revvted by £. B. Bright, F.RJ^.S. Fcap. Svo. . 2/8 
" One of the most readabia books extant on the Electric Telegraph."— ^i^^A Mtehanic. 
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CHEMICAL MANUFACTURES, 
CHEMISTRY, ftc 




THE OA5 ENOINEER^ POCKET-BOOK. 

D.«xr. y^t^ja aut Ute o^ OmI Gai sad tb? C umutu oM of Gas Works. By 
H 00>«»o«, A-M-lMtCt Seccoi Edisaoa, ReTHwL c<opP^*cia«m 9TO| 
fti..y i;..arai«i, -.tmka. [/ art /"WtofadL igg 

of X 7«t ir <>i H* v«t .'>rw^ tu.'U!«>>d « ■linwg a coavAxM* af haa4 ■oaas «■ fiKt 

»•>%(--».■' 7 "pt*^' -< •'- r««l * — 'i** it't-r.*. _ 

g»l^ »* ^ ••-► *r*. fV-t '/•*« *»rr, .1 'V-icr-'i-'i. ■^^ fW wiB be of *aiae^ dKt 
a; »«*•»* ^ ■**T "V '*''*'' ^ ^*"' "** ^*" ' ' '— *--• ^ 

trwrwovhf to-r,*^ »:.■'■& ibo-Md auk* K of cowkicsat)** vala* «B Ikaas fv wtaat it ii 4 

UQHTINQ BY ACETYLENe 

Gcnenton, Bomcn, and Electric Fvaaces. By WnxiAM E. Gnas, M.K. 
Witfa 66 llitutnaiooft. Crown tvo, ciodi. [/au/ PtMisked. 7/6 

ENQINEERINQ CHEMISTRY. 

A Practical Treatise for the Uie of Analytical Chr— wis, Ki i giiMfis , Iran 

Ma«ter«. Iron Founders. Siodents and ocbers. Comprising Metbods of Analysis 

and ValoatiiM of the Principal Materiab used in Enfmeering Work, with 

Analyses, Examples and Suuestioos. By H. J. Phillips, F.I.CX, F.CS. 

Third Edittoo, Kevi<>ed and Enlarged. Crown 8vo, 420 pp., with Plates and 

other lllnatratioos, cloth, \Just Publishtd. Net 10/6 

"la tbifi vo«k the antbor lus fcndefvd do aasal acrrke to a luuM o us body of p ractira l 

■MA. . . . The afuhrticAl methods may be protioonced moat Mtfafart o t y. bctpff as accuiatc as tka 

ijaif fi ti rcq'jired of cng tneenng cbemnts pcnriits. —Cktmiemi Aim. 

" FuO of irrKxl thrni^ A» a bAodbook of technical analyah. it is ^eiy wf Ir nia,"— JitflMer. 
" The «r^)rtical methods giTcn are, as a whole, soch as an Hkeqr to pve rafiid and trast* 
worthy re»ult» in experienced bands. . . . There is moch « " "■ ^-^ *— " ^ -^ 
the chaMar on 'OOs and Lubci 



NITR0-EXPLX)5IYE5. 

A Practical Treatise cooccmiiu; the Properties, Mann&ctnre, and Analysis 

of Nitrated Substances, induduig the Fulminates, Smokdess Powders, and 

Celluloid. By P. G.SAJcroBD,F.I.C,Coasalting Chemist to the Cotton Powder 

Company, ftc With lUnstrations. Crown Svo, doth. [Just PubUsktd. 9/0 

**Aoy aim baring tfaa requisite apparatos and materiab could make nitro-g tj r cei ine or gun- 

coCtoo. to saf nothing of odier explosives, by tlie aid of tbtt instructions in this Tohune. This is 

one of the very few text-boolcs in which can be found Just w4iat is wanted. Mr. Sanfotd goes 

through the whole liat of ex plosires commonlyttsed, nanies any given esplosiTe, and telb us of irtiat 

It is composed and liow it is manufactured. The book is ercdtent ibxoaftikonX."—Eng'§su€r, 

A HANDBOOK ON MODERN EXPL05IVE5. 

A Practical Treatise on the Manufacture and Use (^Dynamite, Gnn-Cotton, 
Nitro-Glycerine and other Explosive Compotinds, indudmg C(41odion-Cott<ML 
With Quarters on Explosives in Practical Application. "Bj M. Eisslbr, 
Mining Engineer and Metallurgical Chemist. Second Editicm, Enlan^d. 
With 150 Illustrations. Crown 8vo, doth. [Juit Publish$d, 1 2/6 

" Usefbl not only to the miner, but also to officers of both senrlces to whom Masting and the 
use of exploaiTes gen«ratty may at any time become a necessary auxiliary."— Aki/Krv. 

DANQER0U5 QOOD5. 

Their Sources and Properties, Modes of Stmage and Transport. With Notes 
and Comments on Accidents arising therefr<Mn, together witn^ the Government 
and Railway Classification^ Acts of Parliament, &c. A Guide for the Use of 
Government and Railway Officials, Steamship Owners, Insurance Companies 
and Manufacturers, and Users of Explosives and Dangerous Goods. By 
H. Joshua Phillips, F.I.C, F.C.S. Crown 8vo, 374 pp., doth . . 9/0 
Merits a wide dicnlatloo, and an Intelligeat. appredatife study."— CJfcriwto/ Ntm 



CHEMICAL MANUFACTURES, CHEMISTRY, &'C. 35 
A MANUAL OP THE ALKALI TRADE. 

Including the Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer, Newcastle-upon-Tyne^ and 
London. ^90 pp. of Text. With 23a Illustrations and Working Drawings, 
Second Edition, with Additions. Super-royal 8vo, cloth . . iSI 1 0s. 



" This book is written by a manufacturer for manu&cturers. The woridne details of the most 
-^^.ored forms of apparatus are given, and these are accompanied by no less than 23a wood 
engravings, all of which may be used for the purposes of construction. Every step in the manu- 



focture is very fiilly described in this manuaJ, and each improvement cxpiuntd. —Atkenaum, 

" We mid not merely a sound and luminous explanation of the chemical principles of the 
trade, but a notice of numerous matters which have a most important bearing on the successfid 
conduct of alkali works, but which are generally overiooked Iqr even experienced techn<^gical 
vaXhots,"— Chemical Review, 

THE BLOWPIPE IN CHBMI5TRY, MINERALOGY, AND 

QBOLOOY. 

Containing all known Methods of Anhydrous Analysis, manv Working 
Examples, and Instructions for Making Apparatus. By Lieut. -Colonel W. A. 
Ross, R.A., F.G.S. With zao Illustrations. Second Edition, Enlarged. 

Crown 8vo, cloth 6/0 

iy through the course of experimentation hei 

„ „ ustrv and mineraloev than if he had • arot un 

e day, and passed any 
News., 

THE MANUAL OF COLOURS AND DYE-WARE5. 

Their Properties. Applications, Valuations, Impurities and Sophistications 

For the Use of Dyers, Printers, Drysalters, Brokers, &c. By J. W. Slater. 

Second Edition, Revised and greatly Enlarged. Crown 8vo, cloth . 7/6 

" A complete encyclopaedia of the materia tinOoria. The informadon given respecting each 

article is full and precise, and the methods of determining the value of articles such as these, so 

liable to sophistication, are given with clearness, and are practical as well as valuable."— CA«»»tJX 

" liiere is no other work which covers precisely the same ground. To students preparing 
for examinations in dyeing and printing it will prove exceedingly us^aL"— Chemical News. 

A HANDY BOOK FOR BREWER5. 

Being a Practical Guide to the Art of Brewing and Malting. Embracing the 

Conclusions of Modem Research which bear upon the Practice of Brewing. 

By Herbert Edwards Wright, M.A. Second Edition, Enlarged. Crown 

8vo, 530 pp., cloth. {Just Publish4d, 1 2/6 

•• May be consulted with advantage by the student who is preparing himself for examinational 

tests, while the scientific brewer will find in it a r/sum/ of all the most important discoveries of 

modem times. The work is written throughout in a clear and concise manner, and the author 

takes great care to discriminate between vague theories and wdl-establisbed facta."^Brewers 

youmaL , , . . 

" We have great pleasure in recoinmendfaig this handy book, and have no hesitation in saying 
that it is one of the best— if not the best— which has yet been written on the subject of beer-brewing 
in this country ; it should have a place on the shelves of every brewer's Ubrary."— f mMrr 
GuanUan. , ... ,, 

" Although the requirements of the student are primarily conddered, an acquaintance of half- 
an-hour's duration cannot fail to impress the practical brewer with the sense of having found a 
trustworthy guide and practkal counseUor in brewery xaaXXitn."— Chemical Trade Jcumai, 

FUELS: SOLID, LIQUID, AND GASEOUS. 

Their Aiialysis and Valuation. For the Use of Chemists and Engineers. By 

H. J. Phillips, F.C.S., formerly Analytical and Consulting Chemist to the 

G.E. Rlwy. Third Edition, Revised and Enlarged. Crown 8vo, cloth 2/0 

" Ought to have its place in the laboratory of every metaUurgical e stab l i s hment and wherever 

fiiel is used on a large wcaib."— Chemical News. 

THE ARTISTS' MANUAL OF PIGMENTS, 

Showing their Composition, Conditions of Permanency, Non-Permanency, and 

Adulterations ; Effects in Combination with Each Other and with Vehicles ; 

and the most Reliable Tests of Purity. By H. C. Standagb. Crown 8vo. 2/6 

" This work is indeed multum-in-^rvo, and we can, with good conscience, recommend it to 

an who come in contact with pigments, whether as makers, dealers, or vaeis."— Chemical Review, 

C a 
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A POCKET-BOOK OP MENSURATION AND QAUQINQ. 

Cooudning Tables, Rules, and Memoranda for Revenae Ofl&cers, Brewers, 
Spirit Merchants, &c. By J. B. Mant, Inland Revenue. Second Edition, 
Revised. 18010, leather 4/0 

" Thb bandy and useful book is adaptad to the wq uiwm ants of the Inland Rereoue Depart^ 
■ent. and will b« a favourite book of r ela r aac a . ''—Ct¥ihm$^, 

" Should be In tha hands *A evecy practical biewt." Sftmn's ' yttuvml. 



INDUSTRIAL ARTS, TRADES, AND 
MANUFACTURES- 



TEA MACHINERY AND TEA PACT0RIE5. 

A Descriptive Treatise on the Mechanical Appliances recmired in the 

Cultivation of the Tea Plant and the Preparation of Tea for the Market. By 

A. J. Wallis-Taylek, A. M. Inst. C.£. Medinnt 8vo, 468 pp. With ai8 

Illustrations. [Just Publishtd, N*t 2BI0 

SUMMARY OP Contents :— Mechanical Cultivation or Tillage op the 

Soil.— Plucking or Gathering the Leaf.— Tea Factories.— the Dressing. 

Manufacture, or Preparation of Tea by Mechanical Means.— Artificial 

Withering of the Leaf.— Machines for Rolling or Curling the Leaf.— 

Fermenting Process.— Machines for the Automatic Drying or Firing of the 

leaf.— Machines for Non-Automatic Drying or Firing of the Leaf.— Drying 

OR Firing Machines.- Breaking or cutting, and sorting Machines.— Packing 

THE Tea.— MEANS op Transport on Tea Plantations.— Miscellaneous Machinery 

AMD Apparatus.— Final treatment of the Tea.— Tables and Memoranda. 

** The subject of tea 1 machinery to now one of the first interest to a large class of people, to 
whom we strongly commend the volume."— CAamArr o/Commerct youmal. 

" When tea planting was first introduced into the British possessions little, if any. machinery 
was employed, but now its use is almost universaL Thto volume contains a very fuU account of the 
machinery necessary for the proper outfit of a factorv, and also a description of the processes best 
carried out by this machinery."— y^Mrwo/ SocUty ^/ Arts. 

PLOUR MANUPACTURE. 

A Treatise on Millinc Science and Practice. By Fribdrich Kick, Imperial 
Regieruni^srath, Professor of Mechanical Techndonr in the Imperial Gorman 
Polytechnic Institute, Prague. Translated from the Second Enlarged and 
Revised Edition with Supplement. By H. H. P. Powlbs, Assoc. Memb. 
Institution of Civil Engineers. Nearly 400 pp. Illustrated with a8 Folding 
Plates, and 167 Woodcuts. Ro3ral 8vo, doth iSI 6s. 

"Thto valuable worii is, and will remain, the standard authority 00 the science of mOHng. . . . 
The miller who has read and digested thto worlc will have laid the foundation, so to speak, of a 
succeasAil career ; he will have acquired a number of general principles which he can proceed to 
apply. In thto handsome volume we at last have the accepted text-book of modem milling In good, 
sound English, which has little, if any. trace of the German idkun."— 77k«lfiU<(r. 

COTTON MANUPACTURE, 

A Manual of Practical Instruction of the Processes of Opening, Carding, 
Combing, Drawing, Doubling and Spinning of Cotton, the Methods of 
Dyeing, &c For the Use of Operatives Overlookers, and ManuHacturers. 
By John Listsr, Technical Instruaor, Pendleton. 8vo, cloth . . 7/6 

" A distinct advance in the literature of cotton manufocture."— ^ac4<n«ry. 

••It to thoroughly rdiable. fulfilling nearly all the requirements ^iaAnA,"—Glasgvm Htratd. 

MODERN CYCLES. 

A Practical Handbook on their Construction and Repair. By A. T. Wallis* 
Taylbr, a. M. Inst. C. E., Author of " Refrigerating Machinery, ''^&c With 
upwards of 300 Illustrations. Crown 8vo, clotL \jM&t Publtshtd. 1 0/6 

" The large trade that to done in the component parts of bicycles has placed in the way of 
men mechanical inclined extraordhiary facilities for building bicycles for their own use. . . . The 
book will prove a valuable guide for all those vdto aspire to the manufacture or repair of their own 
machines.— TMt Field. 

" A most comprehenrive and up-toHlate treatise."— rA« CycU. 

" A very useful book, which is quite entitled to rank as a standard woric for students of cycle 
4»>nstructioD. — JVheeling. 
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CBMBNT5, PA5TB5, QLUE5, AND QUM5. 

A Practical Guide to the Manufacture and Application of the various Agglati* 
nants required in the Building, Metal-Working, Wood-Wor'^ing, and Lather* 
Working Trades, and for Work<!hop, Laboratory or Office Use. With upwards 
of 900 Recipes and Formulae. By H. C. Standagb, Chemist. Third Edition. 
Crown 8vo, cloth. [Just Published. 2/0 

"We have pleasure in speaking favourably of this Toluine. So far as we have had 
experience, which is not inconsiderable, this manual is trustworthy."— ^/i%««<w<»». 

" As a revelation of what are considered trade secrets, tms book will arouse an amount of 
cniiosity amoag the larigre number of industries it touches."— />0t/> ChronicU. 

THE ART OF 50AP-MAKINQ. 

A Practical Handbook of the Mantifacture of Hard and Soft Soaps, Toilet 
Soaps, &C. Including many New Processes, and a Chapter on the Recovery of 
Glycerine from Waste Leys. By Alx. Watt. Sixth Edition, including an 
Appendix on Modem Candlemaking. Crown 8vo, cloth. 

[Just Published. 7/6 
"The work wHl prove very useful, not merely to the technological student, but to the 
practical soap boiler who wishes to understand the theory of his axf— Chemical News. 

"A thorougrhly practical treatise on an art which has almost no literature in our lanffuage. 
We congratulate the author oo the success of his endeavour to fill a void in English technical 
Iltenture."— Ara/wr<. 

PRACTICAL PAPBR-MAKINQ. 

A Manual for Paper*Makers and Owners and Manners of Paper-Mills. With 
Tables, Calculations, &c By G. Clappbrton, Paper-Maker. With Illus- 
trations of Fibres from Micro-Photographs. Crown 8vo, cloth . . 6/0 

itices, &c. iHiOst 
reteran paper- 
r Paper Trade 



" We recommend everybody Interested in the trade to get a copy of this thoroughly practical 
\)wAi."-Pafer MakiHg. 

THE ART OP PAPBR-MAKINQ. 

A Practical Handbook of the Manufacture'^of Paper from Rags, Esparto, 
Straw, and other Fibrous Materials. Including the Manufacture of Pulp from 
Wood Fibre, with a Description of the Machinery and Appliances used. To 
which are added Details of Processes for Recovering Soda from Waste Liquors. 
By Albxandbr Watt. Author of " The Art of Soap-Making." With Illus- 
trations. Crown Svo, cloth 7/6 

It may be r^rarded as the standard work on the* subject. The book is full of valuable 
Infoimation. The * Art of Paper-Making ' is in every respect a model of a text-book, either for a 
t e chnic al class, or for the private student.^'— />a/«r and PritUin^ Trades youmaL 

A TREATISE ON PAPER* 

For Printers and Stationers. With an Outline of Paper Manufoctture ; Complete 
Tables of Sizes^ and Specimens of Different Kinds of Paper. By Richard 
Parkinson, late of the Manchester Technical School Demy Svo, cloth. 

^Just Published. 3/6 

THE ART OF LEATHER MANUFACTURE. 

Beine a Practical Handbook, in which the Operations of Tanning, Currying, 
and Leather Dressing are fidly Described, and the Principles of Tanning 
Exj^lained, and many Recent Processes Introduced ; as also Methods for the 
£stimati<Mi of Tannin, and a Description of the Arts of Glue Boiling. Gut 
Dressing, &c. By Alexander Watt, Author of " Soap-Making, ' &c. 

Fourth Edition. Crown Svo, cloth 9/0 

" A sound, comprehensive treatise on tannfaig and its accessories. The book is an eminently 

vahiable production, whkh redounds to the credit of both author and publishers."— CA<Mtfc»/ 

RevUm. 

THE ART OF BOOT AND 5H0E MAKING. 

A Practical Handbook, including Measturement, Last- Fitting, Cuttinz-Out, 
Closing and Making, with a Diescription of the most approved Machinery 
EmplOTed. By John B. Lend, late Editor of St. Crispin, and Th* Boot and 
Sho4-Mak*r. zamo, cloth 2/0 
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WOOD ENQRAVINQ. 

A Practical and Easy Introduction to the Study of the Art. By W. N. Brown. 

xamo, cloth 1/8 

*'Th« book to clMtf and c o m plet a. and will be ussful to any one vantliig to nndeistand the 
fnt elwnantt of the beautiAil ait of wood oncraving.''— ^Tms^Ak; 

MODBRN HOROLOOY, IN THEORY AND PRACTICE. 

Translated from the French of Claudius Saunibr. ex-Director of the School 
of HonHogy at Macon, by Julibn Tripplim, F.R.A.Sm Besancon Watch 
Manufacturer, and Edward Rigg, M.A., Assayer in the Ko3ral Mint. With 
Seventy-eif ht Woodcuts and Twentv-two Coloured Coi^>er Plates. Second 
Editioo. Super-royal 8vo, cloth, iB2 2s. ; half-calf . . iS2 IDs. 

**Thefe to no boroloelcal worii hi the Engltoh language at all to be comparad to thto produc- 
tloo of M. Saunler's for deameaa and completeness. It to alike good as a guide for the studiBnt and 



as a lefcteoce for the experienced horolopst «ul skilled worianan."— /f«rv^kjfi«/ yeurHoL 

**The latest, the most complete, and the moct reliable of thoee literary productions to 

rnntinentil watchmakers are indebted for the mechanical supcorlority orer their English brethren 



'*The latest, the most complete, arid the moct reliable of thoee Utenry productions to wliich 
— **■' watchmakers are indebted for the mechanical supcortority orer their English brethren 
-^ CKt. the Book of Books, to M. Saunier's ' Treatiae.' "—lyatrkmaktr, ytwtiUr, atutSilvtrsmitk, 



THE WATCH ADJUSTER'S MANUAL. 

A Practical Guide for the Watch and Chronometer Adjuster in Making, 
Springing, Timing and Adjusting for Isochronism, Positions and Temperatures. 
By C. E. Fritts. 370 pp., with Illustrations, 8vo, doth ... 1 6/0 

THE WATCHMAKER'S HANDBOOK. 

Intended as a Workshop Ounpanion for those oigagod in Watchmaking and 
the Allied Mechaniou Arts. Translated from the French of Claudius 
Saunibr, and enlarged by Juubn Tripplin, F.R.A.S., and Edward 
Rigg, M.A., Assayer m the Royal Mint. Third Edition. 8vo, doth. 9/0 
** Each part to trulv a treatise in Itself. The arrangement to good and the language to clear 
and concise. It to an aomiraMe guide for the young watchmaker."— fn^fiMMrtMy^. 

*' It to impossible to speak too highly of its excellence. It fulfib every requirement in a 
handbook Intended for the use of a workman. ShouUl be found in erery woricshop.^--f#^a4c* and 



A HISTORY OP WATCHES & OTHER TIMEKEEPERS. 

By Jambs F. Kendal, M.B.H. Inst. Boards, 1/6 ; or cloth, gilt . 2/6 
**The best which has yet appeared on thto subject in the English language."— /«<<Kr«r<cr. 
"Open the book where you may. there to interesting matter in it ccmceming the ingoiious 
devices of the andoit or modem h.owiogn." —Saturday Review. 

ELECTRO'PLATINQdtELECTRO^REFININGOFMETALS. 

Being a new edition of Alexander Watt's " Electro-Deposition." Re- 
vised and Largely Rewritten by Arnold Philip, B.Sc, A.I.E.E., Principal 
Assistant to the Admiralty Chemist. Large Crown 8vo, cloth. 

[Just Publishtd. Net, 12/6 
"Eminently a book for the practical worker in electro-deposition. It contains practical 
descriptions of methods, processes and materiato, as actually pursued and used in the workshop."— 
MtigiHeer. 

ELECTRO-METALLURQY. 

Practically Treated. By Alexander Watt. Tenth Edition, inchiding the 

most recent Processes. z2mo, cloth .3/6 

" From thto book both amateur and artisan may learn everything necessary for the successful 
prosecution of electroplating."— /r<m. 



JEWELLER'S ASSISTANT IN WORKING IN QOLD. 

asters and Workmen, Compiled from the Experience 
> Practice. By George £. Gee, Aathor of " The 



A Practical Treatise for Masters and Workmen, Compiled from the Experience 
of Thirty Years' Workshop Practice. By George E. Gee, Aathor of " The 
Goldsmith's Handbook," &c. Crown 8vo, cloth 7/6 



"This manual of technical education is apparently destined to be a valuable auxIUary t* 
handicraft which to certainly ci^pable of great improvement "—rAe Times. 
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ELECTROPLATINQ. 

A Practical Handbook on the Deposition of Copper, Silver, Nickel, Gold, 
Aluminium, Brass, Platinum, &c., &c. By J. W. Urquhart, C.E. Fourth 
Edition, Revised. Crown 8vo, cloth. [/usi Published. ^jQ 

" An excellent practical taaxmaL"—En£MeeriHg: 

'^* An excellent work, giving: the newest information.**— iSftfrwAifiea/ youmal, 

ELECTROTYPINQ, 

The Reproduction and Multiplication of Printine Surfaces and Works of Art 
by the Electro-Deposition of Metals. By J. W. Urquhart, C.E. Crown 8vo, 

cloth 6/0 

" The book is thoroughly practical ; the reader is, therefore, conducted through the leading 

tows of electricity, then through the metals used by electrotypers. the apparatus, and the depositing 

processes, up to the final preparation of the •wotk.r—Art yotimtU. 

GOLDSMITH'S HANDBOOK. 

By Gborgb £. Gbb, Jeweller, &c. Fifth Edition. z2mo, cloth . . 3/0 
"A good, sound educator, and wiQ be generally accepted as an authority."— JSTtfroAyiooi/ 
yottmal, 

SILVERSMITH'S HANDBOOK. 

By Gborgb £. Gbb, Jeweller, &c. Third Edition, with numerous Illustra- 
tions, xamo, cloth ^ . 3/0 

"The chief merit of the work is its practical character. . . . The woricers in the trade wiU 
qpeedily discover its merits when they sit down to study Kt." ^English Aiechanie, 

♦*♦ Th4 abovt two works together, strongly half-bound, prict 7s. 

SHEET METAL WORKER'S INSTRUCTOR. 

Comprising a Selection of Geometrical Problems and Practical Rules for 
Describing the Various Patterns Required by Zinc, Sheet-Iron, Copper, and 
Tin-Plate Workers. By Reuben Henry Warn. New Edition, Revised and 
gT«Eitly Enlarged by Joseph G. Horner, A.M.I.M.E. Crown 8vo, 354 pp., 
with 430 Illustrations, cloth. {Ji^t Published, 7/6 

BREAD & BISCUIT BAKER'S & SUQAR-BOILER'S 
A55I5TANT. 

Including a large variety of Modem Recipes. With Remarks on the Art of 

Bread-making. By Robert Wells. Third Edition. Crown 8vo, cloth . 2/0 

** A large number of wrinkles for the ordinary cook, as well as the \)aker."— Saturday Rgvitw, 

PASTRYCOOK & CONFECTIONER'S GUIDE. 

For Hotels, Restaurants, and th« Trade in general, adapted also for Family 
Use. By R. Wells, Author of " The Bread and Biscuit Baker." Crown 8vo, 

cloth 2/0 

" We cannot speak too highly of this really excellent work. In these days of keen competition 
our readers cannot do better than purchase this hook."— BaJkers' Tinus. 

ORNAMENTAL CONFECTIONERY, 

A Guide for Bakers, Confectioners and Pastrycooks ; including a variety of 

Modem Recipes, and Remarks on Decorative and Coloured Work. With 120 

Original Designs. By Robert Wells. Second Edition. Crown 8vo . 6/0 

" A valuable work, practical, and should be in the hands of every baker and confectioner. 

The Illustrative designs are alone worth treble the amount charged for the whole work." Sakers* 

Times. 

THE MODERN FLOUR CONFECTIONER, WHOLESALE 

AND RETAIL. 

Containing a large Collection of Recipes for Cheap Cakes, Biscuits, &c. With 

remarks on the Ingredients Used in their Manufacture. By Robert Wells, 

Author of " The Bread and Biscuit Baker," &c. Crown 8vo, cloth . 2/0 

" The work is of a decidedly practical cliaracter, and in every recipe r^ard is had to economical 

woMa^."— North British Daily Mail. 

RUBBER HAND STAMPS 

And the Manipulation of Rubber. A Practical Treatise on the Manufacture <A 
Indiarubber Hand Stamps, Small Articles of Indiarubber, The Hektograph, 
Special Inks, Cements, and Allied Subjects. By T. O'Conor Sloans, A.Sf., 
Ph.D. With ntunerous Illustrations. Square 8vo, cloth. . , . 5/0 
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HANDYB00K8 FOR HANDICRAFTS. 

BY PAUL N. HASLUCK. 
Editor of " Work " (New SeriesX Author of " Lathe Work," " Milling Machines, ' ftc 
Crown 8vo, 144 pp., price is. each. 
Thts$ Handybooks have bttn writUn to supply information for Workmbn. 
Stijobnts, and Amateurs m th$ several Handicrafts, on the actual Practicb of 
the Workshop, and are intended to convey in plain language Tbchnical Know- 
ledge of the several Crapts. In describing the processes employed, and the manipu- 
lation of material, workshop terms are used ; workshop practice is fully explained ; 
and the text is freely illustrated with drawings of modem tools, appliances, and 
processes. 

THE METAL TURNER'5 HANDYBOOK. 

A Practical Manual for Workers at the Foot-Lathe. With over zoo Illus- 
trations. 1/0 

** The book will be of aervfce aUke to the lawteur and the artisvi tamer. It disidajrs 
thoto u gh knowledge of the uthi^cV-'ScotrmmH, 

THE WOOD TURNER'S HANDYBOOK. 

A Practical Manual for Workers at the Lathe. With over 100 Illustrations. 

1/0 

" We w c o tnm eod the book to young turner* and aautteun. A multltade of wotkmea have 
Mthetto sought in vain for a manual of this special industry. "•J/mAom^Icis/ ffWML 

THE WATCH JOBBER'5 HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and A4justing. With upwards of 



100 Illustrations I/O 

"We strongly advise all young persons connected with the watch trade to acquire and study 
s kiexpensive w%»Au"—CUrJktHw«UChrcHicU. 



THE PATTERN MAKER'S HANDYBOOK. 

A Practical Manual on the Construction of Patterns for Founders. With 

upwards of 100 Illustrations 1/0 

" A most valuable, if not Indispensable manual for the pattern maker."— irM#wik«<f<. 

THE MECHANICS WORKSHOP HANDYBOOK. 

A Practical Manual on Mechanical Manipulation, embracing Informaticm 
on various Handicraft Processes. With useful Notes and Miscellaneous 

Memoranda. Comprising about aoo Subjects 1 /Q 

" A very clever and useftil book, which should oe found in every workshop ; and it should 
certainly find a place in all technical 9chocA%." —Saturday Revitw. 

THE MODEL ENGINEER'S HANDYBOOK. 

A Practical Manual on the Construction of Model Steam Engines. With 

upwards of xoo Illustrations. 1/0 

" Mr. Hasluck has produced a very good little book."— ^McMrr. 

THE CLOCK JOBBER'S HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and Adjtisting. With upwards oi 

xoo Illustrations 1/0 

" It to of inestimable service to those commencing the trade."— C^vm/ry Stamtard. 

THE CABINET MAKER'S HANDYBOOK. 

A Practical Manual on the Tools, Materials, Appliances, and Processes 
employed in Cabinet Work. With upwards of 100 lUustraticms . .1/0 
" Mr. Hasluck's thorough-going Uttie Handybook to amongst the most practical guides we 
have seen for beginners in catrtnet-work."— ^Sa/wrd<i> Review, 

THE WOODWORKER'S HANDYBOOK OF MANUAL 

INSTRUCTION. 

Embracing Information oa the Tools, Materials, Appliances and Processes 

Employed in Woodworking. With 104 Illustrations 1/0 

Opinions op the Press. 
" Written by a man who knows, not only how work ought to be done, but how to do It, and 
how to convey hto knowledge to othtx^'—EngiHeering. 

" Mr. Hasluck writes admiraUy, and gives complete ia^xacXioas.'' —Engineer. 
" Mr. Hasluck combines the experience of a practical teacher with the manipulative skill and 
scientific knowledge of processes of the trained mechanician, and the manuato are marvds of what 
can be produced at a popular price."— ScAoo/MaxDfr. 

"Helpful to workmen of all ages and degrees of experience."— ZJaiTy ChrvmUU. 
"Practical. sensiUe. and remarkably cheap. "—youmal qfEdttcaHen. 
"Conctoe, clear, and ^ncAsaL" -Saturday Review. 
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COMMERCE, COUNTING-HOUSE WORK. 
TABLES, &c. 



LE5S0NS IN COMMERCE. 

By Professor R. Gambaro, of the Rojral High Commercial School at Genoa. 

Edited and Revised by Jambs Gault, Professor of Commerce and Commerdal 

Law in King's College, London. Fourth Edition. Crown 8vo, cloth . 3/6 

" The pubUshefs of this work have rendered consldecmble service to the cause of commercial 

education by the opportune production of this Tolume. . . . The work is pecuHarly acceptable to 

Boyish readers and an admirable addition to existing class books. In a phrase, we think the work 

attans its object in furnishing a brief account of those laws and customs of British trade with irtilch 

the commercial man interested therein should be familiar. "—CA«m^«r o^ Commerce journal. 

" An invaluable guide in the hands of those who are preparing for a commercial career, and, 
in fiict, the informatkm it contains oa matters of business shoiuld be impressed cm every oiie."~ 

C0UMtifl£ NOMS*. 

THE PORBIQN COMMERCIAL CORRESPONDENT. 

Being Aids to Commercial Correspondence in Five Languages — Enjdish. 
French, German, Italian, and Spanish. By Conkad E. Bakbr. Third 
Edition, Carefully Revised Throughout. Crown 8vo, cloth. 

[Just Published. 4/6 

"Whoever wishes to correspond In aU the languages mentioned by Mr. Baker cannot do 

better than study this woric, the materials of which are excellent and conveniently arranged. They 

consist not of entire specimen letters, but— what are far more useful— short passages, sentences, or 

phrases expresring the same general Idea in various foTtas."—AtM€iuturH, 

" A careful examination has convinced us that it Is unusually c om p le t e, well asianged and 
feBaUe. The book is a thoroui^ good one. "Scficotmmrttr. 

FACTORY ACCOUNTS: their PRINCIPLES & PRACTICE. 

A Handbook for Accountants and Manufacturers, with Appendices <m the 
Nomenclature of Machine Details; the Income Tax Acts; the Ratine of 
Factories ; Fire and Boiler Insurance ; the Factmy and Workshop Acts, &c, 
including also a Glossary of Terms and a large number of Specimen Rulings. 
By Emilb Garckb and J. M. Fblls. Fifth Edition, Revised and Enlarged. 
Demy 8vo, cloth. [Just Published. 7/6 

"A very interesting description of the requirements of Factory Accounts. . . . The principle 

of asrimUating the Factory Accounts to the general conmiercial books Is one which we thorou^ify 

agree with."— ^«c»m»«smi^' y«timal. 

" Characterised by extreme thoroughness. There are few owners of fsctories who would not 

dethre great benefit from the perusal of this most admirable yny^"— Local Government Chroniete, 

MODERN METROLOGY. 

A Manual of the Metrical Units and Systems of the present Century. With 
an Appendix containing a proposed English System. B^ Lowis D. A. 
Jackson, A. M. Inst. C. E., Author of " Aid to Survey Practice," &c Large 
1 8vo, cloth 1 2/6 



A SERIES OP METRIC TABLES. 

In which the British Standard Measures and Weights are compared with those 
of the Metric System at present in Use on the Continent. ByC. H. Dowung, 

CE. 8vo, strongly bound 1 0/6 

**Mr. Dowing's Tables are wdl put together as a ready reckoner for the coavanlon of one 
qrtlem into the otbiex.''—Athenaufn. 

THE IRON AND METAL TRADES' COMPANION. 

F<m: Expeditiously Ascertaining the Value of any Goods bought or uAd. by 
Weight, from xs. per cwt. to xx25. per cwt., and from one farthing per pound to 
one shilling per pound. By Thomas Downib. 396 pp., leather . . 9/0 

** A most useful set of tables, nothing like them before toAaxe^"— Building News. 

" Although specially adapted to the Iron and metal trades, the taUes will be found usefbl in 
•very oUter business in which merchandise Is bought and sokl by weight."— .XatfiMK> Nems. 
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NUMBER. WEIGHT, AND FRACTIONAL CALCULATOR. 

Conuining upwards of 350,000 Sepante CalcnUtions, showing at a Glance the 
Value at 439 I>ifferent Rates, rangmg from liyth oiK Penn^ to 20s. each, or per 
cwt., and £90 per ton, of any number of articles OMisecuuvely, from i to 470. 
Any number of cwts., ars., and lbs., from i cwt. to 470 cwts. Any numbor of 
tons, cwts., qrs., and lbs., frtxn i to 1,000 tons. By William Chadwick, 
Public Accountant. Third Edition, Revised. 8vo, strongly bound . 18/0 
** It b as easy of refenoce for any answer or any munbar of answ«n as a (fictkmary. For 
~ up accounts or odmates the book must prova tovakiable to all who have any considerable 
f of cakulatJom taiTohrtef price and leaiure \m any combfaiatkin to do. "—En ginte r , 
The most perfect work of the kind jret prapeted."— <;ikv*w Utrmii, 



■■king t 



THE WEIGHT CALCULATOR. 

Beinff a Series of Tables upon a New and CcMnprdiensive Plan, exhibiting at 
one Reference the exact Value of any Weight from i lb. to 15 tons, at 300 
Progressive Rates, frtxn \d. to x68s. po' cwt., and containing 186,000 Direct 
Answers, which, with their CcMnbinatioos, consisting of a single addition 
(mostly to be performed at sightX will afford an aggregate ^ io,a66,ooo 
Answers ; the whole being calauateid and designed to ensure correctness and 
promote despatch. By Hbnkt Hakbbn, Accountant. Fifth Edition, carefully 
Conrected. Royal 8vo, strongly half-bound iSI 6t. 

** A practical and useftil work of leCarance for men of buslnesa generalljr. "^Irmimomgtr. 

**(X priceless value to burinaas men. It is a necessary book in all mercantile offices."— 

THE DISCOUNT GUIDE. 

CcMnprising several Series of Tables for the Use of Merchants, Manufru::turers, 
Ironmongers, and Others, by v^iich maybe ascertained the Exact Profit arising 
from any mode of using Discounts, eitMr in the Purchase <x Sale <^ Goods, and 
the method of either Altering a Rate oi Discount, at Advancing a Price, so as 
to produce, by one operation, a sum that will realise anv required Profit after 
allowing one or more Discounts : to which are added Tables of Profit or 
Advance from x| to 90 per cent.. Tables of Discount firom ij; to gS] per cent, 
and Tables oi Commission, &c, from | to lo per cent. By Henry Harbbn, 
Accountant. New Edition, Corrected. Demy 8vo, half-botmd . iSI 6«« 
** A book such as this can only be appreciated by business men, to whom the savinsr of time 

■Mans saving of money. The work must prove of great value to merchants, manufhcturers, and 

fweral traders."— ^rAMf A TrtuU ycumal, 

TABLB5 OP WAQBS. 

At 54i 53i 50 <uid ^ Hours per Week. Showing the Amounts of Wages from 
One quarter of an hour to Sixty-four hours, in each case at Rates of Wages 
advancing by One Shilling from 4s. to 555. per week. By Thos. Garbutt, 
Accountant. Square crown 8vo, hidf-bound • 6/0 

IRON-PLATE WEIGHT TABLES. 

For Iron Shipbuilders, Engineers, and Iron Merchants. Containing the 
Calculated Weights of upwards of 150,000 different sizes of Iron Plates frtnn 
I foot by 6 in. by i in. to 10 feet by « feet by z in. Worked out on the Basis of 
40 lbs. to the square foot of Iron of i inch in thickness. By H. Burlinson 
and W. H. Simpson. 4to, half-bound iSI 6t. 

MATHEMATICAL TABLES (ACTUARIAL). 

Comprising Commutation and C<mversion Tables, Logarithms, Coiogarithms, 
Antilogarithms and Reciprocals. By J. W. Gordon. Royal 8vo, mounted 
on canvas, in cloth case. [/wsf PublisMd. 5/0 



BOOK I. ON THE VaRIBTIBS. BRBBDING, 

Rbaring. Fattening and Manage- 
KENT OF Cattle. 

Book ll. on the economy and man- 
agement OP THE Dairy. 

Book hi. On the breeding. Rearing, 
AND Management of Horses. 

Book IV. on the breeding. Rearing, 
AND Fattening of Sheep. 

Book V. on the breeding, rearing, 
AND Fattening of Swine. 

Book VL on the Diseases of live 

STOCK. 
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AGRICULTURE, FARMING, 
GARDENING, &c. 

THE COMPLETE QRAZIER AND PARMER'S AND 

CATTLB BRBBDBR'S ASSISTANT. 

A Compendium of Husbandry. Originally Written by William Youatt. 
Fourteenth Edition, entirely Re-written, considerably Enlarged, and brought 
up to Present Requirements, by William Fream, LL.D., Assistant Com- 
nussioner. Royal Commission on Agriculture, 1893, Author of " The Elements 
of Agriculture," &c. Royal 8vo, 1,100 pp., with over 450 Illustrations, 
handsomely bound. \ Just Published. iSI lis. 6d. 

Summary of Contents. 

BOOK VII. ON THE Breeding. Rearing, 
AND Management of Poultry. 

BOOK VIII. on Farm Offices and 

IMPLEMENTS OF HUSBANDRY. 

BOOK IX. ON THE CULTURE AND MAN- 
AGEMENT OF GRASS Lands. 

BOOK X. ON THE Cultivation and 
APPLICATION OF Grasses. Pulse and 
Roots. 

Book Xl. on manures and their 
Application to Grass Land and 
Crops. 

book xii. monthly calendars op 

FARMWORK. 

%* Opinions of the Press on the New Edition. 

" Dr. Fream is to be congratulated on the successful attempt he has made to give us a work 
which will at once become the standard classic of the farm practice of the country. We bdieve 
that it will be found that it has no compeer among the many works at present in exmence. . . 
The illustrations are admirable, while the frontispiece, which represents the well-known bull. 
New Year's Gift, owned by the Queen, is a work of art "— The Times. 

" The book must be recognised as occupying the proud position of the most exhausthre work 
of raference in the English language on the subject with which it deals."— ^/A«M«Mm. 

" The most comprehensiTe guide to modem farm practice that exists in the English language 
to-day. . . . The book is one MtaX ought to be on every farm and in the library of every land 
owner."— Afaril Lxint Express. 

'*In point of exhaustiveness and accuracy the work will certainly hold a pre-eminent and 
nnique position among books dealing with scientific agricukural practice. It is, in fact, an agricul- 
tural Hbcary of Wa/^d:— North British AgricuUurist, 

FARM LIVB STOCK OP GREAT BRITAIN. 

By Robert Wallace, F.L.S., F.R.S.E.. &c., Professor of Agriculture and 
Rural Economy in the University of Edinourgh. Third Edition, thoroughly 
Revised and considerably Enlarged. With over zao Phototypes of Prize 
Stock. Demy 8vo, 384 pp., with 79 Plates and Maps, cloth. . . 1 2/6 
" A really complete work on the history, breeds, and management of the farm stock of Great 

Britain, and one which is likely to find its way to the shelves of every country gentleman's libcaiy." 

—TJu Times. 

" The latest edition of * Farm Live Stock of Great Britain ' is a production to be proud of; and 

Its issue not the least of the services which its author has rendered to agricultural science."— 

Scottish Farmer. 

NOTB-BOOK OP AGRICULTURAL FACT5 & PIQURBS 
FOR FARMERS AND FARM STUDENTS. 

By Primrose McConnell, B.Sc, Fellow of the Highland and Agricultural 

Society, Author of " Elements of Farming." Sixth Edition, Re-written, Revised, 

and greatly Enlarged. Fcap. 8vo, 480 pp., leather. [Just Published. SIO 

Summary op contents : surveying and Levelling. — Weights and 

Measures. — Machinery and buildings. — Labour. — Operations. — Draining. — 

embanking.— geological memoranda.— soils.— mainjrbs.— cropping.— crops.— 

Rotations. — Weeds.- Feeding. — Dairying.— Live stock. — horses. — Cattle. — 

SHEBP.—PIGS.— Poultry.— FORESTRY.— HORTICULTURE.— MISCELLANEOUS. 

" No farmer, and certainly no agricultural student, ought to be without this mu/tum-in-^tvo 



ll of all subjects connected with the farm."— JV^rM British Agriculturist. 

" The amount of information It contains is most surprising ; the arrangement of the matter is 
so tt ie th odl ca l— although so compressed— ai to be IntdllglDle to everyone who takes a ^ance through 
Its pages. They teem with information."— /=ar»» and Home. 

THE ELBMENTS OP AGRICULTURAL QEOLOQY. 

A Scientific Aid to Practical Farming. By Primrose McConnell, Author 
of "Note-Book of Agricultural Facts and Figures." Royal 8vo. cloth. 

[Just Published. Net 21/0 
" On every page the work bears the impress of a masterly knowledge of the subject dealt 
with, and we have nothing but unstinted praise to offer. "—The Field. 
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BRITISH DAIRYING. 

A Hand^ Vdame oa the Work of the Dafay-Pann. For the Use of Technical 

Instruction Classes, Students in Agricnltural Colleges and the Workine Ihury- 

Farmer. By Prof. J. P. Sheldon. With Illnstrations. Second Edition, 

Revised. Crown 8vo, cloth. { Just Publisktd, 2/6 

" Confidently recommended m a useAil teat-lMok oo dabjr tmnaiag.'''-A£rietU$trml GmmttU, 

" Probably the best balf<rown oianual oo dairy work that has jret been produced."— yv«r<* 

BriiUh jlfricuitunst. 

"It b the soundest ttttla work we have yet seen on the subject."— 77b< Tinus. 

MILK, CHEBSe, AND BUTTER. 

A Practical Handbook on their Properties and the Procesaec of their Prodnc* 
tion. Including a Chapter on Cream and the Methods of its Separation fircmi 
Milk. By Tohn Olivbk, late Principal of the Western Dauy Institute, 
Berkeley. With Coloured Plates and soo Illustrations. Crown 8vo, ck>th. 

7/6 

** An ewhainrire and maMerly ptodttctkn. It may be conflally racommepded to all students 
Md ptac Utl ou eis of dairy science. —A^#r«k BrUish Aerteuituritt. 

" We recomneod this very compiehensiTe and^careAilly- written book to daify*fcnaefs and 
stndaots of dairying. It is a dlsilnct acquisitioa to the library of the agifcultniist. — lifirimAMfw/ 

SYSTEMATIC SMALL PARMINQ. 

Or, The Lessons of My Farm. Being an Introductioo to Modern Farm 
Practice for Small Farmers. By R. Scott Bukn, Author of " Outlines of 

Modem Farming," &c Crown 8vo, cloth 6/0 

"This Is the complatest book of its daas we have seen, and one whkh erery amateur fiumer 
wOl fend with pleasure, and accept as a guide."— ^tfrtf. 

OUTLINES OP MODERN PARMINQ. 

By R. Scott Bukn. Soils, Manures, and Crops — Farmin|( and Farming 
EcoDomjr— Cattle^ Sheep, and Horses— Management ci Dauy^ Pigs, and 
Poultry— Utilisation of Town-Sewage, Irrigation, &c Sixth Editum. In One 
VqIm x»a5o pp., half-bound, profusely Illustrated 1 2/0 

PARM ENQINEERINQ, The COMPLETE TEXT-BOOK of. 

Comprbing Draining and Embanking j Irrigation and Water Supdhr ; Farm 
Roaos, Fences and Gates ; Farm Buildings ; Bam Implements and Machines; 
Field Implements and Machines ; Agricultural Stirveying, ftc. Bv Professor 
John Scott. In One Vol., 1,150 pp., half-bound, with over 600 Illustrations. 

12/0 

"Written with great care, as wdl as whh knowledge and abOity. The autiior has done his 
work wen ; we have found him a rery trustworthy guide wherever we have tested his statements. 
The volume will be of great value to agricultural students."— Afenl Lmti* Ej^frtss. 

THE PIELD5 OP GREAT BRITAIN. 

A Text- Book 6( Agriculture. Adapted to the Syllabus td the Science and 
Art Department. For Elementary and Advanced Students. By Hugh 
Clbmbnts (Board of Trade). Second Edition, Revised, with Additions. 

i8mo, cloth 2/6 

" It Is a long time since we have seen a book which has pleased us more, or which contalM 
such a vast and useful fund of knowledge. "-'Educ at iotta i n$n4S. 

TABLB5 and MEMORANDA for PARMER5, QRAZIER5, 

AORICULTURAL 5TUDBNT5, 3URVBYOR5, LAND AQBNT5, 
AUCTIONBBRS, &c. 

With a New System of Farm Book-keeping. Bv Sidney Francis. Fifth 
Eklition. 372 pp., waistcoat-pocket size, limp leather . . . •1/6 
" Weighing less than i oz., and occupying no more apace than a match-box, tt contains a mass 
of fhcts and calculations which has never before, in such bandy form, been obtainable. Every 
opsn^ion on the farm is dealt with. The work may be taken as thoroughly accurate, the iHtole <rf 
the Ubles having been revised by Dr. Fream. We cordiaUy recommend it."— StWs IVetJkt 
Mtsstngtr, 

THE R0THAM5TED EXPERIMENTS AND THEIR 

PRACTICAL L&S.SON3 FOR FARMBR5. 

Part I. Stock. Part II. Crops. By C. J. R. Tippbr. Crown 8vo, doth. 

[Just Publish4d. 3/6 
*' We have no doubt that the book wUl be wdcomed by a large class of frrmen and others 
interested in agriculture."— 5*iM<i^r<f. 
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FERTILISERS AND FEEDING STUFFS. 

A Handbook for the Practical Farmer. By Bernard Dyer, D.Sc. (Lond.). 

With the Text of the Fertilisers and Feeding Stuffs Act of 1893, &c. Third 

Edition, Revised. Crown 8vo, cloth. [Just Published. 1 /O 

"This little book is precisely what it professes to be— 'A Handbook for the Practical 

Fanner.' Dr. Dver has done farmers good service in placing at their disposal so much usefiil 

infonnatlon in so intdligible a form."— T'/m Tittus. 

BEES FOR PLEASURE AND PROFIT. 

A Guide to the Manipulation of Bees, the Production of Honey, and the 
General Management of the Apiary. By G. Gordon Samson. With 
numerous Illustrations. Crown 8vo, wrapper I/O 

BOOK-KEEPINQ for FARMERS and ESTATE OWNERS. 

A Practical Treatise, presenting, in Three Plans, a System adapted for all 
Classes of Farms. By Johnson M. Woodman, Chartered Accountant. 

Fourth Edition. Crown Bvo, cloth 2/6 

** The Tolume is a capital study of a most important subject."— ^fntfew/ZMnr/ GoMtUt. 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. 

Giving Weekly Labour Account and Diary, and showing the Income and 
Expenditure under each Department of Crops, Live Stock, Dairy, &c., &c. 
With Valuation, Profit and Loss Account, and Balance Sheet at the End of the 
Year. By Johnson M. Woodman, Chartered Accountant. Second Edition. 

Folio, half-bound ^gt 7/6 

"Contsdns every requisite form for keeping Cum accounts readHy and accuratdy."* 

THE FORCING GARDEN. 

Or, How to Grow Early Fruits, Flowers and Vegetables. With Plans and 
E^mates for Building Glasshouses, Pits and Frames. With Illustrations. 

By Samubl Wood. Crown 8vo, cloth 8/6 

" A good book, containing a great deal of valuable teaching."— (K<n<^M<rx' Magusin*. 

A PLAIN QUIDE TO GOOD QARDENINQ. 

Or, How to Grow Vegetables, Fruits, and Flowers. Bv S. Wood. Fourth 
Edition, with considerable Additi<»s, and numerous Illustrati(Mis. Crown 

8vo, cloth 8/6 

" A Tery good book, and one to be highly recommended as a practical guide. The practical 
directions are e x c elle n t "—Atkenaum, 

MULTUM-IN-PARVO QARDENINQ. 

Or, How to Make One Acre of Land produce £690 a year, by the Cultivation 
of Fruits and^ Vegetables ; also. How to Grow Flowers in Three Glass Houses, 
so as to realise £x'it per annum clear Profit. By Samubl Wood, Author of 
"Good Gardening, ''&c. Sixth Edition, Crown 8vo, sewed . . .1/0 
"We are bound to recommend it as not only suited to the case of the amateur and gentle- 
man's gardener, but to the market gtowtii.''—Gard*H*rs' Magainfu. 

THE LADIES* MULTUM-IN-PARVO FLOWER QARDEN. 

And Amateur's Complete Guide. By S. Wood. Crown 8vo, cloth . 8/6 
" Full of shrewd hints and useful faistructions, based on a lifetime of experience."— ScsftriMan. 

POTATOES: HOW TO QROW AND SHOW THEM. 

A Practical Guide to the Cultivation and General Treatment of the Potato. 
By J. Pink. Crown 8vo 2/0 

MARKET AND KITCHEN QARDENINQ. 

ByC.W. Shaw, late Editor of (win^kMiV///iw/r«/«<^. Cloth . 8/6 

" The most vahiable compendium of kitchen and maricet-garden work pu b lis h ed, "^^arwgr 
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AUCTIONEERING, VALUING, LAND 
SURVEYING, ESTATE AGENCY, &c. 



INWOOD'5 TABLE5 FOR PURCHASING ESTATES 

AND FOR THB VALUATION OP FROPERTIBS, 

Including Advowsons, Assurance Policies, Copyholds, Deferred Annuities, 
Freeholds, Ground Rents, Immediate Annuities!^ Leaseholds, Life Interests, 
Mortsages, Perpetuities, Renewals of Leases. Reversions, Sinking Funds, 
ftc, &c. 96th Edition, Revised and Extended bv William S^ooung, 
F.R.A.S., with Logarithms of Natural Numbers and Thoman's Logarithmic 
Interest aixl Annuity Tables. 360 pp., Demy 8vo, cloth. 

l/ust PtiilisJUd. Net BIO 

** TboM I nrt fU e d In the piiirhw and sal* of a t ataa. and In tb« adittsonent ofcoaa p eo aat ioa 

caiTi. as w«0 as in transactioas In annuitkia, lit Jnamrancaa, Ac.. wU find tha ptaaaat edkion of 

" This valuable Dook has been considerably enlan^ed and improved by the labonts of 
Mr. Schooling, and is now very complete indeed." — E<o m > t H i st, 

" Altogether this edition will prove of extretoe value to many classes of professional men in 
saving tbem many long and tedious calculations.*'— /wtwxl^ffrx' Jlevirw. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 

AND B5TATB AQBNT AND VALUBR'5 POCKET AS5LSTANT. 

For the Valuation for Purchase, Sale, or Renewal of Leases, Annuities, and 

Reversions, and of Property generally : with Prices for Inventories, &c By 

ToHN Whbblbr, Valuer, &c. Sixth Edition. Re-written and greatly Extended 

by C NoRius, Surveiror, Valuer, &c Royal 3amo, cloth . 0/0 

** A neat and concise book of reference, containing an admirable and cleuly.artan£ed Ust of 

pftcaa for inventories, and a verv practical guide to determine the value of furniture, Stc."—-Siatulard. 

" Contains a large quanttty of varied and useful information as to the vahiatioo for puichase, 

sale, or renewal of leases, annuities and reversions, and of property generally, with prices foe 

Inventorias, and a guide to datatmine the value of Interior fittings and other effects."— i^Mri/rftr. 

AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 

A Manual o( Instruction and Counsel for the Young Aucticmeer. ^ By Robbkt 
Squibbs. Auctioneer. SeaMid Edition, Revised and partly Re>written. Demy 

8vo,cloCli 12/6 

" The standard tast-book 00 tbm topics of vrhkh It treats."— i^i:/k«»Mr*MM. 
"The work is one of general excellent character, and gives much information In a com* 
pendkms and satiafKtory foTm.''SttiU4r. 

"May be recommended as giving a great deal of Infomation on the law reUtIng to 
auctioneers. In a very readable fotmT'—Law y«umai. 

" Auctioneers may be congratulated <m navlng so pleating a writer to minister to their special 
needs."— .S^tfcM^r* J^t^mml, 

THE AGRICULTURAL VALUER'S ASSISTANT. 

A Practical Handbook on the Valuation of Landed Estates; including 
Exam(>le of a Detailed Report on Management and Realisation; Forms of 
Valuations of Tenant Right ;^ Lists of Local Agricultural Customs ; Scales of 
Compensation under the Agricultural Holdings Act, and a Brief Treatise on 
Compensation under the Luids Clauses Acts, &c. By Tom Bright, Agrioil- 
tural Valuer. Author of "The Agricultural Surveyor and Estate Agent's 
Handbook." Fourth Edition, with Appendix containing a Digest of the 
Agricultiu^l Holdings Acts, 1883 and 1900. Crown Bvo, cloth. 

{Just Publisfud, Net 6/0 
" Fun of tables and examples in connection with the valuation of tenant-riglit, estates, labour, 
contents and weights of timber, and form produce of all )da^"—Arria4UHral Gaiuttt, 

" An eminently practical handbook, full of practical tables and data of undoubted interest and 
value to surveyors and auctioneers In preparing valuations of all kinds."— Farmer. 

POLE PLANTATIONS AND UNDERWOODS. 

A Practical Handbook on Estimating the Cost of Forming, Renovating, 
Improving, and Grubbing Plantations and Underwoods, their Valuation for 
Purposes of Transfer, Rental, Sale or Assessment. By Tom Bright. Crown 
Bvo, cloth 8/6 

"To valuers, foresters and agents it will be a wdcome tlA."— North British AgHcuUitrist. 

" Wdl calcuhtted to assist the valuer in the discharge of his duties, and of undoubted Interest 
and use both to survqroffs and auct io n ee n in preparing vahiatlons of all kinds."— JTaMTArai^C. 
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AGRICULTURAL SURVEYOR AND ESTATE AGENT'S 

HANDBOOK. 

Of Practical Rules, Formulae, Tables, and Data. A Comprehensive Manual 
for the Use of Surveyors, Agents, Landowners, and others interested in the 
Equipment, the Management, or the Valuation of Landed Estates. B^ 
Tom Bright, Agricultural Surveyor and Valuer, Author of "The Agri- 
cultural Valuer's Assistant," &c. With Illustrations. Fcap. 8vo, Leather. 

l/ust Publisfud. Net 7/6 
" An exceedingly useful book, the contents of which are admirably chosen. The classes for 
whom the work is intended will find it convenient to have this comprehensive handbook accessible 
for reference."— Z.t»tf Stock youmal. 

" It is a singularly compact and well informed compendium of the facts and figures likely to 
be required in estate work, and is certain to prove of much service to those to whom it is 
addressed. ^—Scotsman. 

THE LAND VALUER'S BEST ASSISTANT. 

Being Tables on a very much Improved Plan^ for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial Customary 
Acres to Statute Measure, &c. By R. Hudson, C.£. New Edition. 

Royal 32mo, leather, elastic band . 4/0 

" Of incalculable value to the country gentleman and profesdonal man. -'Farmers yournal. 

THE LAND IMPROVER'S POCKET-BOOK. 

Comprising Formulae, Tables, and Memoranda required in any Computation 
relating to the Permanent Improvement of Landed Property. By Tohn Ewart, 
Surveyor. Second Edition, Revised. Royal 32mo, oblong, leather . 4/0 
" A compendious and handy little vohxme."— Spectator. 

THE LAND VALUER'S COMPLETE POCKET-BOOK. 

Being the above Two Works bound together. Leather .... 7/6 

HANDBOOK OF HOUSE PROPERTY. 

A Popular and Practical Guide to the Purchase, Mortgage, Tenancy, and 
Compulsory Sale of Houses and Land, including Dilapidations and Fixtures : 
with Examples of all kinds of Valuations, Information on Building and on the 
right use of Decorative Art. By E. L. Tarbuck, Architect and Surveyor. 

Sixth Edition, xamo, cloth O/Q 

" The advice is thoroughly practical"— Z^w journal, 

" For all who have deaEngs with house property, this is an indispensable guide."— DecorcMon, 
" Carefully brought up to date, and much unproved by theadcBtion of a division on Fine Art. 
A well- written and thoughtful work."^LaHd Agents Record. 



LAW AND MISCELLANEOUS. 



MODERN JOURNALISM. 

A Handbook of Instruction and Counsel for the Young journalist. By John 
B. Mackib, Fellow of the Institute of Journalists. Crown 8vo, cloth . 2/0 
" This invaluable guide to journalism is a work which all aspirants to a journalistic career will 
read with aAv«DXagt."—youmalist, 

HANDBOOK FOR SOLICITORS AND ENGINEERS 

Engaged in Promoting Private Acts of Parliament and Provisional Orders for 
the Authorisation of Railways, Tramways^ Gas and Water Works, &c 
By L. LrviNGSTONB Macassby, of the Middle Temple, Barrister-at-Law, 
M. Inst. C.E. 8vo, doth £1 5s. 

PATENTS for INVENTIONS, HOW to PROCURE THEM, 

Compiled for the Use of Inventors, Patentees and others. By G. G. M. 
Hardingham, Assoc. Mem. Inst. C.E., &c. Demy 8vo, cloth . .1/6 

CONCILIATION & ARBITRATION In LABOUR DISPUTES. 

A Historical Sketch and Brief Statement of the Present Position of the 
Question at Home and Abroad. By J. S. Jbans, Author of " England's 
Supremacy. &C." Crown 8 vo, aoo pp., cloth . . . 2/6 



CROSBY LOCKWOOD 4« SON'S CATALOGUE. 



BVERY MAN'S OWN LAWYER. 

A Handy-Book of Um Principles of Law and Eqoity. With a Concise 
Dictionary of Legal Terms. By A Barkistbil Thirty-ninth EditicHi, 
carefully Revised, and including New Acts of Parliament of 1901. Com> 
pnsing the Youthful OffentUrt Aci^ tQOi ; the Larceny Act^ tQOt ; the 
Intoxicating Liquors Act^ igor ; the Factory a$td Workshop Act, /901, and 
other enactments of the year. Judicial Decisions during the irear have alto 
been duly noted. Crown Bvo, 800 pp., strongly bound m cioth. 

\jMst PubUshtd. 6/8 

*•* Tkit Standard Work oj Reference forms a Comflbtb EriTOMX OP the 
Laws op England, comprising {.amongst other matter) ; 

thr Rights and wrongs op individuals— landlord and tbnant— vendors 

AND PURCHASBRS— LRASES AND MORTGAGBS— PRINCIFAL AND AGBNT— PARTNERSHIP 

AND COMPANIES— Masters, Servants and Workmen— Contracts and agreements 
—Borrowers, Lenders and sureties— Sale and purchase op Goods— Cheques. 
Bills and Notes— Bills op sale— Bankruptcy— railway and shipping Law— 
LiPB, Fire, and Marine insurance— accident and Fidelity Insurance— Criminai. 
Law— Parliamentary Elections— County CotmciLS— District Councils— Parish 
CotmoLS- MUNICIPAL Corporations— Libel and slander— public health and 
Nuisances— Copyright, Patents, trade Marks— Husband and Wipe— Divorce— 
inpancy— custody op Children— trustees and Executors— Clergy. Church, 
wardens, arc— Game Laws and sporting— Innkeepers— Horses and Dogs— Taxes 

AND DBATH duties— forms OP AGREEMENTS, WILLS, CODICILS, NOTICES, &C 

•^ Tke 0l!/ea^tkit wtrk is t0 emmHe tk^te wkoimunJH* t0 MeJptkemstlves totk* 
: and ^unky l» disfenst, msfmr mspfssikU, with pr ^ss Um ml mssisUmct and mdvice. Then 



vnfs mmk grievmnees wkdck /erstns suhmit t» frmm time l» time tkrettgh net 
T where te a^piy fir redrtss ; and many Oersen* have ms great a dread^a 
tmwyer'~s efface ms ef* Mm'x den. With this beoh at hm$»d tt is Mieved that many a SiX-AND. 
ElGHTPENCE may he s ave d ; many a wrenjf redrtssed ; many a right reclaimed; many a tarn 
tuitaveided; mndmany an evil miated. The werh has eslmbhshed iis*l/ ms the sta$tdard legal 
adviser efeUl classes, and has eUse made a re^u»mSten/er itself as a ns^Ubeoh ^ re^rence/er 
lavners residing at a di st m nee ^rvm lam Mkraries, who an glad te have at h a n d a werh 
g n efe dy ing reeent d e titi e nt and enaet me ttts . 

Opinions op thb Prbss. 

** It b a oopplf code of E«gBrt> Law written In plaki language, which all can undentand. 

. . . ShouldbelntiMhandsof every buafaiMtinan, and aB who wish to aboUsh lawyen fains. "— 
Weekly Times. 

** A useftJ and condie epitoine of the law, c oaapBed with ooMidefable care.**— £«w Mageurine, 

" A complete digest of tlie most uaaful teexe which constitute English ya-m.^—debe. 

"This excellent handbook. . . . Admiiably done, admifably arranged, and admirably 
cheap." - £<a<r Mercury. 

" A coodsa, cheap, and compl et e epitome of the EngMsh hw. So plainly written that he who 
tuns may tead. and he who reads may andewtand. "—Figan. 

" A dictionary of legal facts well put together. The book Is a very useAil <me. "—Sp ec t ator , 

THE PAWNBROKER'S, FACTOR'S, AND MERCHANT'S 
QUIDB TO THB LAW OP LOAN5 AND PLEDOaS. 

With the Statutes and a Digest of Cases. By H. C. Folkard, Barrister-at- 
Law. Cloth 3/6 

LABOUR CONTRACTS. 

A Popular Handbodc on the Law of Contracts Ux Works and Services. By 
David Gibbons. Fourth Edition, with Appendix of Statutes by T. F. Uttlby, 
Soiicttor. Fcap. 8vo, cloth 8/6 

SUMMARY OF THE FACTORY AND WORKSHOP ACTS 

(1878-1891). For the Use of Manufacturers and Managers. By Emilb 
Garckb and J. M. Fblls. (Reprinted from "Factory Accounts.") 
Crown 8vo, sewed 6d. 

BRADBURY, AGNEW, & CO. LD., PRINTERS, LONDON AND TONBRIDGE. 
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WEALE'S SCIENTIFIC AND TECHNICAL SERIES. 



CIVIL ENGINEERING A SURVEYING. 

By Hknrv Law, M.Inst.C.E Including a Treatise on Hydraulic 
Engineering by G. R. Burnbll, M.I.C.E. Seventh Edition, revised, 
with Large Additions by D. K. Clark, M.I.CE . . . 6/6 

Pioneer Bntfin^erin^: 

A Treatise on the Engineering Operations connected with the Settlement of 
Waste Lands in New Countries. By Edward Dobson, M.Inst.C.E. 
With numerous Plates. Second Edition 4/6 

Iron 'Bridg^m of Modorato Span: 

Their Construction and Erection. By Hamilton W. Pbndred. With 40 
Illustrations 2/0 

Iron and Steel Bridges and Yiaduots. 

A Practical Treatise upon their Construction for the use of Engineers, 
Draughtsmen, and Students. By Francis Campin, C.E With numerous 
Illustrations 3/6 

Conatruotional Iron and Steel Work, 

As applied to Public, Private, and Domestic Buildings. By Francis 
Campin, C.E 3/6 

Tubular and other Iron Girder Bridges. 

Describing the Britannia and Conway Tubular Bridges. By G. Drvsdale 
Dbmpsev, C.E. Fourth Edition 2/0 

Materials and Ck>nstruction : 

A Theoretical and Practical Treatise on the Strains, Designing, and Erec- 
tion of Works of Construction. By Francis Campin, C.£. . . 3/0 

Sanitary Work in the Smaller Towns and in Villages. 

By Charles Slagg, Assoc M.Inst.C.E. Third Edition . . 3/0 

Roads and Streets (The Ck>nstruction of). 

In Two Parts: I. The Art op Constructing Common Roads, by H. 
Law, C.E., Revised by D. K. Clark, C.E. ; IT. Recent Fractice: In- 
cluding Pavements of Wood, Asphalte, &c By D. K. ClaxK, C£. 4/6 

Qas Works (The Construction of), 

And the Manufacture and Distribution of Coal Gas. By S. Hughes, CJ^. 
Re-written by William Richards, CE. Eighth Edition . . S/6 

Water Works 

For the Supply of Cities and Towns. With a Description of the Princiml 
(ieoloaical Formation-* of England as influencinp; Supplies of Water. By 
Samikl Hi'GHEs, F.G.S., C.E. Enlarged Edition . . . . 4'/6 

The Power of Water, 

As applied to drive Flour Mills, and to give motion to Turbines and other 
Hydrostatic Engin-s. By Joseph Glynn, F.R.S. New Edition . 2/0 

Wells and Well-Sinkin^. 

By John Gho. Swindell, A. R.I. B. A., and G. R. Bitrnsll, C.E. Revi-ed 
Edition. With a New Appendix on the Qualities of Water. Illustrated 2/0 

The Drainage of Lands, Towns, and Buildings. 

By G. D. Demi'SEv, C.E. Revised, with large Additions on Recent 
Practice, by D. K. Clark, M.l.CE. Third Edition . . . 4/6 

The Blasting and Quarrying of Stone, 

For Building and other Purposes. With Remarks on the Blowing up of 
Bridges. By Gen. Sir J. BuRGOYNE, K.C.B f/S 

Foundations and Concrete Works. 

With Practical Remarks on Footing?, Planking, Sand, Concrete, B^ton, 
Pile-drivinff, Caissons, and Coflerdams. By E. Dobson, M.R.I. B. A. 
Eighth Edition 1/6 



weale's scientific and technical series. 3 

Pneumatics, 

Including Acoustics and the Phenomena of Wind Currents, for the Use of 
Beginners. By Charles Tomlinson, F.R.S. Fourth Edition . 1/6 

Land and Engfineerin^ Surveying. 

For Students and Practical Use. ByT. Baker, C.E. Eighteenth Edition, 
Revised and Extended by F. E. Dixon, AM. Inst. C.E., Professional Asso- 
ciate of the Institution of Surveyors. With numerous Illustrations and two 
Lithographic Plates \Just published 2/0 

Mensuration and Measuring. 

For Students and Practical Use. With the Mensuration and Levelling of 
Land for the purposes of Modern Engineering. By T. Baker, C.E. New 
Edition by E. Nugent, C.E 1/6 



MINING AND METALLURGY. 
Mining Calculations, 

For the use of Students Preparing for the Examinations for Colliery 
Managers' Certificates, comprising numerous Rules and Examples in 
Arithmetic, Algebra, and Mensuration. By T. A. O'Donahue, M.E., 
First-Class Certificated Colliery Manager. \ Just published, 3/6 

Mineralo^, 

Rudiments of. By A. Ramsay, F.G.S. Fourth Edition, revised and 
enlarged. Woodcuts and Plates 3/6 

Coal and Goal Mining, 

A Rudimentary Treatise on. By the late Sir Warington W. Smyth, 
F.R.S. Eighth Edition, revised by T. Forster Brown . . . 3/6 

Metallur^ of Iron. 

Containing Methods of Assay, Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c. By H. Bauerman, F.U.S. With numerous 
Illustrations. Sixth Edition, revised and enlarged . . . .5/0 

The Mineral Surveyor and Valuer's Complete Guide. 

By W. Lintern. Fourth Edition, with an Appendix on Magnetic and 
Angular Surveying 3/6 

Slate and Slate Quarrying: 

Scientific, Practical, and Commercial. By D. C. Davies, F.G.S. With 
numerous Illustrations and Folding Plates. Fourth Edition . '3/0 

A First Book of Mining and Quarrying, 

With the Sciences connected therewith, for Primary Schools and Self In- 
struction. By J. H. Collins, F.G.S. Second Edition . . .1/6 

Subterraneous Surveying, 

With and without the Magnetic Needle. By T. Fen wick and T. Baker, 
C.E. Illustrated 2/6 

Mining Tools. 

Manual of. By William Morgans, Lecturer on Practical Mining at the 
Bristol School of Mines 2/6 

Mining Tools, Atlas 

Of Engravings to Illustrate the above, containing 235 Illustrations of Mining 
Tools, drawn to Scale. 4to 4>/6 

Physical Geology, 

Partly based on Major-General Portlock's *' Rudiments of Geology." 
By Ralph Tate, A. LS., &c Woodcuts 2/0 

Historical Geolotfy, 

Partly based on Major-General Portlock's *' Rudiments." By Ralph 
Tate, A.L.S., &c. Woodcuts 2/6 

Geology, Physical and Historical. 

Consisting of *' Physical Geology," which sets forth the Leadinz Principles 
of the Science; and "Historical Geology," which treats of the Mineral 
and Organic Conditions of the Earth at each successive epo:h. By Ralph 
Tate, F.G.S 4/6 



4 weale's scientific and technical series. 

MECHANICAL ENGINEERING. 
Th« Workman** Manual of Engineering Drawing. 

By John Maxton, Instructor in Engiueering Drawing, Royal Naval 
Collie, Greenwich. Seventh Edition, yyo Plates and Diagrams . 3/6 

Fnels: Solid, liiquid, and ChMeous. 

Their Analysb and Valuation. For the Use of Chemists and Engineers. 
By H. J. PHiixirs. F.CS., formerly Analytical a.-nl Consulting Chemist 
to the Great Eastern Railway. Third Edition 2/0 

Fuely Its Combnetion and Boonomy. 

Consisting of an Abridgment of " A Treati&e on the Combustion of Coal and 
the Prevention of Smoke." By C W. Wiluams. A.I.C.E. With Exten- 
sive Additions by D. K Clark, M.Inst.C£. Fourth Edition . 3/6 

The Boilermaker** Aseistant 

In Drawing, lemplating, and Calculating Boiler Work, &c By J. Court> 
NBV, Practical Boilermaker. Edited bv D. K. Ci^ark, CK. . 2/0 

The Boiler-Maker*s Ready Reckoner, 

With Examples of Practical Geometry and Templating for the Use of 
Platers, Smiths, and Riveters. By John Courtney. Edited by D. K. 

Clark, M.I.CE. Fourth Edition 4/0 

•»• The hut two W^orks im Otu Volume, half-hound, entitled ** The Boilbr- 
maker's Ready*Reck<)Nbr and Assistant. By J. Courtney and 
D.K. Clark. Pric$7IO. 

Steam Boilers: 

Their Construction and Management By R. Armstrong, CE Illustrated 

1/6 
Steam and Machinery Management. 

A Guide to the Arrangement and Economical Management of Machinery. 
By M. Powis Bale, M.Inst. M.E 2/6 

Steam and the Steam Bntfine, 

Sutionary and Portable. B«*ing an Extension o^ the Treatise on the Steam 
Engine of Mr. J. Sbwbll. By D. K. Clark, C.IC Fotuth Edition 3/6 

The Steam Bntfine, 

A Treatise on the Mathematical The<^ of, with Rules and Examples for 
Practical Men. By T. Bakbr, CE. 1/6 

The Steam Bn^ine. 

By Dr. Lardner. Illustrated t /6 

iKKiomotive Bnifines, 

ByG. D. Dbmp>by, CR. With large Additions treating of the Modem 
Locomotivcjby D. K.Clark, M.Inkt.CE 3/0 

iKKiomotive Bngine-Drivin^. 

A Practical Manual for Engineers in charge of Locomotive Engines. By 
Michael Reynolds. Tenth Edition, y ^' li<np ; cloth boards . 4/6 

Stationary Engine-Driving. 

A Practical Manual for Engineers in charge of Stationary Engines. By 
MiCHABL Reynolds. Sixth Edition, y, 6d. limp ; doth boards . 4>/6 

The Smithy and Forge. 

Including the Farrier's Art and Coach Smithing. By W. J. £. Cranr. 
Fourth Edition 2/6 

Modem Workshop Practice, 

As applied to Marine, Land, and Locomotive Engines, Floating Docks, 
Dredsing Machines, Bridges, Ship>building, &c. By J. G. Winton. 
Fourth Edition, Illustrated 3/6 

Mechanical Bngineerin^. 

Comprising Metallurgy, Moulding, Casting, Forging, Tools, Workshop 
Machinery, Mechanical Manipulation, Manufacture of the Steam Engine, 
ftc Bv Francis Campin, C.E. Third Edition .... 2/6 

Details of Machinery. 

Comprising Instructions for the Execution of various Works in Iron in the 
Fitting-Shop, Foundry, and Boiler- Yard. By Francis Campin, C.E. 3/0 



WEALES SCIENTIFIC AND TECHNICAL SERIES. 5 
Blementary Engineering': 

A Manual for Young Marine Islngineers and Apprentices. In the Form of 
Questions and Answers on Metals, Alloys, Strength of Materials, &c. 
By T. S. Brewer. Fourth Edition 1/6 

Power in Motion: 

Horse-power Motion, Toothed-Wheel Gearing, Long and Short Driving 
Bands, Angular Forces, &c. By James Armouk, C.E. Third Edition 2/0 

Iron and Heat, 

Exhibiting the Principles concerned in the Construction of Iron Beams, 
Pillars, and Girders. By J. Armour, C.E. 2/6 

Practical Mechanism, 

And Machine Tools. By T. Baker, C.E. With Remarks on Tools and 
Machinery, by J. Nasmyth, C.E 2/6 

Mechanics: 

Being a concise E>rpo«tion of the General Principles of Mechanical Science, 
and their Applications. By Charles Tomlinsun, F.R.S. . .1/6 

Cranes (The Construction of). 

And other Machinery for Raising Heavy Bodies for the Erection of Build* 
bgs, &C. By JosBPii Glynn, F.R.S 1/6 



NAVIGATION, SHIPBUILDING, ETC. 
The Sailor's Sea Book: 

A Rudimentary Treatise on Navigation. By James Greenwood, B.A. 
With numerous Woodcuts and Coloured Plates. New and enlarged 
Edition. By W. H. Rosser 2/6 

Practical Navigation. 

Consisting of The Sailor's Sea-Book, by Jambs Greenwood and W. H. 
Rosser ; together with Mathematical and Nautical Tables for the Working 
of the Problems, by Henry Law, C.E., and Prof. J. R. Young. 7/0 

Navigation and Nautical Astronomy, 

In Theory and Practice. By Prof. J. R. Young. New Edition. 2/6 

Mathematical Tables, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is 
prefixed a Treatise on Logarithms. By H. Law, C.E. Together with a 
Series of Tables for Navigation and Nautical Astronomy. By Professor J. 
R. Young. New Edition 4/0 

Masting, Mast-Making, and Rigging of Ships. 

Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropes, 
&c., relative to every class of vessels. By Robert Kiphng, N.A. . 2/0 

Sails and Sail-Making. 

With Draughting, and the Centre of Effort of the Sails. By Robert 
Kipping, N.A 2/6 

Marine Engines and Steam Vessels. 

By R. Murrav, C.E. Eighth Edition, thoroughly revised, with Addi- 
tions by the Author and by George Carlisle, C.E. . . . 4>/6 

Naval Architecture : 

An Exposition of Elementary Principles. By James Peaks . . 3/6 

Ships for Ocean and River Service, 

Principles of the Construction of. By Hakon A. Sommerpbldt . 1/6 

Atlas of Engravings 

To Illustrate the above. Twelve large folding Plates. Royal 4to, cloth 7/6 

The Forms of Ships and Boats. 

By W. Bland. Ninth Edition, with numerous Illustrations and 
ModeU 1/6 



6 WEALES SCIENTIFIC AND TECHNICAL SERIES. 

ARCHITECTURE AND THE 

BUILDING ARTS. 
Conatmetioiial Iron ajid Steel Work« 

As applied to Public, Private, and Domestic Buildings. By Francis 
Campin, CE. 3/6 

BuUdintf Bstates : 

A Treatise on the Deirelopment, Sale, Pnrdiase, and Management of Build- 
ing Land. By F. Maitland. Third Edition 2/0 

The Soienoe of Building : 

An ElemenUry Treatise on the Principles of Constmction. By E Wvmd- 
HAM Tarn. M.A Lond. Fourth Edition 3/6 

The Art of BuUdintf: 

General Principles of Construction, Strength, and Use of Materials, Working 
Drawings, Specifications, &c. By Edward Dobson, M.R.LB.A. . 2/0 

A Book on BuUdintf, 

Civil and Ecclesiastical. By Sir Edmund Bickktt, Q.C (Lord Gnm- 
THORPE). Second Edition 4/6 

Dwellin^-Hoases (The Breotion of). 

Illustrated by a Perspective View, P\an% and Sections <^ a Paur of Villas, with 
Specification, Quantities, and Estimates. By S. H. Brooks, Architect 2/6 

Cottage Building. 

By C. Brucr Allbn. Eleventh Edition, with Chapter oo Eomomic Cot- 
uges for Allotments, by E. E. Allan, C.E 2/0 

Acoustics in Relation to Architecture and Building: 

The Laws of Sound as applied to the Arrangement of Buildings. By Pro- 
fessor T. Rogrr Smith, F.R.LB.A New Edition, Revised . . 1/6 

The Rudiments of Practical Bricklaying. 

General Principles of Bricklaying ; Arch Drawing, Cutting, and Setting ; 
Pointing ; Paving, Tiling, &c By Adam Hammond. With 68 Woodcuts 

1/6 

The Art of Practical Brick Cutting and Setting. 

By Adam Hammond. With 90 Engravings 1/6 

Brickwork : 

A Practical Treatise, embodying the General and Higher Principles of 
Bricklajring, Cutting and Setting ; with the Application of Geometry to Roof 
Tiling, &c By F.Walker 1/6 

Bricks and Tiles, 

Rudimentary Treatise on the Manufacture of; containing an Outline of the 
Principles of Brickmaking. By E. Dobson, M.R.I.B.A Additions by 
C. ToMLiNSON, F.R-S. Illustrated 3/0 

The Practical Brick and Tile Book. 

Compri<«ing: Brick and Tilb Making, by E. Dobson, M.Inst.CE.; 
Practical Bricklaying, by A. Hammond; Bkick-cutting and Setting, 
by A. Hammond. 550 pp. with 370 Illustratious, half-bound . . 6/0 

Carpentnr and Joinery — 

The Elementary Principles of Carpentry. Chiefljr composed from the 
Standard Work of Thomas Tredgold, C.E. With Additions, and Treatise 
ON Joinery, by £. W. Tarn, M.A. Seventh Edition . . . 3/6 

Carpentry and Joinery— Atlas 

Of 3; Plates to accompany and Illustrate the foregoing book. With 
Descriptive Letterpress. 4to . . . . ... 6/0 



WEALB'S SCIENTIFIC AND TECHNICAL SERIES. 7 
A Praotioal Treatise on Handrailin^; 

Showing New and Simple Methods. By Geo. Collings. Second Edition, 
Revised, including a Treatise on Stairbuilding. With Plates . 2/6 

Oiroular Work in Carpentry and Joinery. 

A Practical Treatise on Circular Work of Single and Double Curvature. 
By Gborgb Colungs. Third Edition 2/6 

Roof Carpentry: 

Practical Lessons in the Framing of Wood Roofs. For the Use of Workii» 
Carpenters. By Geo. Collings 2/0 

The Conetruotion of Roofs of Wood and Iron; 

Dedticed chiefly from the Works of Robison, Tredgold, and Humber. By 
E. Wyndham Tarn, M. A., Architect. Third Edition . . .1/6 



The Joints Made and Used hy Builders. 

By Wyvill J. Christy, Architect. With i6o Woodcuts . . 3/0 

Shoring 

And its Application : A Handbook for the Use of Students. By Gborgb 
H. Blagrovb. With 31 Illustrations 1/6 

The Timber Importer's, Timber Merchant's, and 
Builder's Standard Guide. 

By R. E. Grandy 2/0 

Plumbing: 

A Text-Book to the Practice of the Art or Craft of the Plumber. With 
Chapters upon House Drainage and Ventilation. By Wm. Paton Buchan. 
Eighth Edition, Re-written and Enlarged, with 500 Illustrations . 3/6 

Ventilation: 

A Text Book to the Practice of the Art of Ventilating Buildings. By W. P. 
Buchan, R.P., Author of " Plumbing," &c. With 170 Illustrations 3/6 

The Praotioal Plasterer: 

A Compendium of Plain and Ornamental Plaster Work. By W. Kbmp 2/0 

House Painting, Graining, Marbling, & Sign Writing. 

With a Course of Elementary Drawing, and a Collection of Useful Receipts. 
By Ellis A. Davidson. Eighth Edition. Coloured Plates . . 6/0 
*,* The abffve^ in cloth boards^ strongly bounds 6/0 

A Grammar of Colouring, 

Applied to Decorative Painting and the Arts. By Georgb Fisld. New 
Edition, enlarged, by Ellis A. Davidson. With Colotured Plates . 3/0 

Blementary Decoration 

As applied to Dwelling Houses, &c. By James W. Facey. Illustrated 2/0 

Practical House Deooration. 

A Guide to the Art of Ornamental Painting, the Arrangement of Colours in 
Apartments, and the Principles of Decorative Design. By James W, Facey 

2/6 
•»• Th^ last two Worhs in One handsome VoL^ half-bound, entitled *• HOUSB 
Decoration, Elementary and Practical,"/w* 6/0» 

Portland Cement for Users. 

By Henry Faija, A.M.Inst.C.E. Third Edition, Corrected . . 2/0 

Limes, Cements, Mortars, Concretes, Mastics, Plas- 
tering, &c. 

By G. R. Burnell C.E. Fifteenth Edition 1/6 



8 WEALS'S SCIENTIFIC AND TECHNICAL SERIES. 
Masonry and Stono-Outtinj^. 

The Principles of Masonic Projection and their application to Construction 
By Edwako Dobson, M.R.I.B.A. 2/6 

Arohos, Pi«rs, Bnttrs w , &o.: 

Experimental Eisays on the Principles of Construction. By W. Bland. 

Quantities and Measursmsnts, 

In Bricklayers', Masons', Plasterers', Plumbers', Painters', Paperhangcrs', 
Gilders*, Smiths', Carpenters' and Joiners' Work. By A. C. Beaton 1 /6 

Ths Complsts Measursr: 

Setting forth the Measurement of Boards, Glass, Timber and Stone. By R. 

HoRTON. Sixth Edition 4>/0 

%• TJu mbovt^ tiromgty bound in Umtker^ prict 6/0< 

ia<ht: 

An Introduction to the Science of Optics. Designed for the Use of Students 
of Architecture, Engineering, and other Applied Sciences. By E. Wynd- 
HAM Tarn, M. A., Author of " The Science of Building," &c. . .1/6 

Hints to Toung Arohiteots. 

By GaORGB Wightwick, Architect. Sixth Edition, revised and enlarged 
by G. HusKissoN Guillaumb, Architect 3/6 

Arohiteoturs— Ordsrs : 

The Orders and their iflsthetic Principles. By W. H. Lbbds. Illustrated. 

1/6 
Arohiteoturs—Styles : 

The History and Description of the Styles of Architecture of Various 
Countries, from the Earliest to the Present Period. By T. Talbot Bury, 
F.R.I.B.A. Illustrated 2/0 

*«* Orders and Styles op Architecture, in One VoK^ 3/6* 
Arohitsoturs— Dssi^ : 

The Principles of Design in Architecture, as deduclble from Nature and 
exemplified in the Works of the Greek and Gothic Architects. By Edw. 

Lacy Garbett, Architect Illustrated 2/6 

%• Tfu tkrte precedin/c Works in Oiu knndtome Vol., kalf bounds entitled 
"Modern Architecture," /rrirr 6/0* 

Psrspsotivs for Be^nnsrs. 

Adapted to Young Students and Amateurs in Architecture, Painting, ftc 
By George Pynb 2/0 

Architectural Modelling in Paper. 

By T. A. Richardson. With Illustrations, engraved by O. Jewitt 1 /6 

Glass Staining, and the Art of Painting on Glass. 

From the German of Dr. Gbssbrt and Emanuel Otto Frombbrg. With 
an Appendix on The Art op Enamelling 2/6 

Yitmvius— The Architecture of. 

In Ten Books. Translated from the Latin by Joseph Gwilt, F.S.A.> 

F.R.A.S. With 23 Plates 5/0 

N.B.—Tki* is ike only Edition e^ViTRUVius procurable at a moderate price. 

Grecian Architecture, 

An Inquiry into the Principles of Beauty in. With an Historical View of the 
Rise and Progress of the Art in Greece. By the Earl op Aberdeen \ /Q 
%• Tke two preceding Works in One kand some Vol.^ kmlf bound, entitled 
"Ancient Architecture," price S/Q. 
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INDUSTRIAL AND USEFUL ARTS. 
Ottments, Pastes, Qlues, and Gums. 

A Guide to the Manufacture tmd Application of Agglutinants. With 900 
Recipes and Formulae. By H. C. Standagb 2/0 

Olooks and Watches, and Bells, 

A Rudimentary Treatise on. By Sir Edmund Beckbtt, Q.C (Lord 
Grimthorpb). Seventh Edition 4./3 

Blectro-MetalluFgy, 

Practically Treated. By Alexander Watt. Tenth Edition, enlarged 
and revised including the most Recent Processes .... 3/6 

Th« Goldsmith's Handbook. 

Containing full Instructions in the Art of Alloying, Melting, Reducing, 
Colouring, Collecting and Refining, Recovery of Waste, Solders, Enamels, 
&C., &c. By Gborgb E. Geb. Fifth Edition 3/0 

Tho Silirepsniith's Handbook, 

On the same plan as the Goldsmith's Handbook. By G. E. Ger. 3/0 
\* The last two IVorks, in One handsome Voi.y half-boutid^ 110' 

Tho Hall-Marking of Jewellery. 

Comprising an account of all the different Assay Towns of the United 
Kingdom; with the Stamps and Laws relating to the Standards and Hall 
Martu at the various Assay Offices. By Georob E Gee . . 3/0 

French Polishing and Enamelling. 

A Practical Work of Instruction, including numerous Recipes for making 
Polishes, Varnishes, Glaze-Lacquers, &c. By R. Bit mead . .1/6 

Practical Organ Building. 

By W. E. Dickson, M.A. Second Edition, Revised, with Additions 2/6 

Goach-Boilding : 

A Practical Treatise. By James W. Burgess. With 57 Illustrations 2/6 

The Cabinet -Maker*s Guide 

To the Entire Con-tniction of Cabinet Work. By R. Bitmead . 2/6 

The Brass Founder's Manual: 

Instruction^^ for Modelling, Pattern Making, &c By W. Graham . 2/0 

The Sheet-Metal Worker's Guide. 

A Practical Handbook for Tinsmiths, Coppersmiths, Zincworkers, &c., with 
46 Diaerams. By W. J. E. Crane. Third Edition, revised . .1/6 

Sewing Machinery: 

lu Construction, History, &c With full Technical Di rections for Adjust- 
ing, &c. ByJ. W. Urquhart, C.E 2/0 
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A Practical Handbook. By John Black* New Edition . . 2/6 

Gonstruction of Door Locks. 

From the Papers of A. C. Hobbs. Edited by C. Tomlinson, F.R.S. 2/6 

The Model liocomotiire Bn^ineer, Fireman, and 
Bngine-Boy. 

By Michael Reynolds 3/6 

The Art of Letter Painting made Basy. 

ByJ. G. Badenoch. With 12 full- page Engravings of Examples . 1/6 

The Art of Boot and Shoemaking. 

Including Measurement, Last-fitting, Cutting-out, Closing and Making. Bv 
John Bkdfokd Leno. With numerous Illustrations. Fourih £dition 2/0 

Mechanical Dentistry: 

A Practical Treatise on the Construction of the Various Kinds of Artificial 
Dentures. By Charles Hunter. Fourth Edition . . . 3/0 

Wood Bn^rairing: 

A Practical and Easy Introduction to the Art. By W. N. Brown . 1 /9 

Laundry Management. 

A Handbook for Use in Private and Public Laundries . . . 2/0 
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AGRICULTURE, GARDENING, ETC. 
Draining ajid Bmbanklnrf : 

A'Praaical TreatiM. By Prof. John Scott. With 68 Illustrations 1 /S 

Irrigation ajid Wai«r Supply: 

A Practical Treatise oo Water Meiulows, Sewage Irrinttion, Warping, &c; 
on the Construction of Wells, Ponds, Reservoirs, ftc By Prof. John 
Scott. With 34 Illostrations 1/6 

Farm Roads, Fonoos, and Qatos: 

A Practical Treatise on the Roads, Tramways, and Waterways of the 
Farm ; the Principles of Enclosures ; and the different kinds of Fences, 
Gates, and Stiles. By Prof. John Scott. With 75 Illustrations . 1 /6 

Farm Buildings: 

A Practical Treatise on the Buildings necessary for various kinds of Farms, 
their Arrangement and Construction, with Plans and Estimates. By Prof. 
John Scott. With 105 Illustrations 2/0 

Bam Implsmsnts and Machinss: 

Treating of the Aoplication of Power and Machines used in the Threshing- 
barn. Stockyard, Dairy, &c. By Prof. J. Scott. With 123 Illustrations. 

2/0 
Fisld Implsmsnts and Maohinss: 

With Principles and Details of Construction and Points of Excellence, their 
Management, &c By Prof. John Scott. With 138 Illustrations 2/0 

A^oultural Survsyin^: 

A Treatise on Land Surveying, Levelling, and Setting-out ; with Directions 
for Valuing Estates. By Prof. J. Scott. With 6a Illustrations . 1 /6 

Farm Bntfinssrin^. 

By Pro^ssor John Scott. Comprising the above Seven Volumes in One, 
1,150 pages, and over 600 Illustrations. Half-bound ... 1 2/0 

Outlinss of Farm Mana^smsnt. 

Treating of the General Work of the Farm; Stock; Contraa Work; 
Labour, &c. By R. Scott Burn 2/6 

Outlinss of Landsd Bstatss Mana^smsnt. 

Treatinff of the Varieties of Lands, Methods of Farming, Setting-out of 

Farms, Roads. Fences, Gates, Drainage, &c. By R. Scott Burn . 2/6 

%* TAt aiwvt Tvfp Vols, in 0$u^ fuutdsomtly half-hound^ frict 6/0 

Soils, Manures, and Crops. 

(Vol. I. Outlines op Modern Farming.) By R. Scott Burn . 2/0 

Farming and Farming Bconomy. 

(VoT II. Outlines op Modern Farming.) By R. Scott Burn 3/0 

Stook: Oattls, Sheep, and Horses. 

(Vol. III. Outlines op Modern Farming.) By R. Scott Burn 2/6 

Dairy, Pitfs, and Poultry. 

(Vol. Iv. Outlines op Modern Farming.) By R. Scott Burn 2/0 

Utilisation of Sewage, Irrigation, and Beclamation 
of Waste Land. 

(Vol. V. OuTUNES OP Modern Farming.) By R. Scott Burn . 2/6 

Outlines of Modem Farming. 

By R. Scott Burn. Consbting of the above Five Volumes in One, 
x,s5o pp., profusely Illustrated, half-bound ... . t 2/0 
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Book-keeping for Farmers and Bstate Owners. 

A Practical Treatise, presenting, in Three Plans, a System adapted for all 
classes of Farms. By J. M. Woodman. Third Edition, revised . 2/S 

Ready Reckoner for the Admeasurement of Land. 

By A. Arman. Fourth Edition, revised and extended by C Norris 2/0 

Miller's, Gorn Merchant's, and Farmer's Ready 
Reckoner. 

Second Edition, revised, with a Price List of Modem Flour Mill Machinery, 
by W. S. HUTTON, C.E 2/0 

The Hay and Straw Measurer. 

New Tables for the Use of Auctioneers, Valuers, Farmers, Hay and Straw 
Dealers, &c By John Stbslb 2/0 

Meat Production. 

A Manual for Prodticers, Distributors, and Consumers of Butchers' Meat. 
By John Ewart 2/6 

Sheep: 

The History, Structure, Economy, and Diseases of. By W. C. Spoonxr, 
M.R.V.S. Fifth Edition, with fine Engravings ... . 3/6 

Market and Kitchen Gardening. 

By C. W. Shaw, late Editor of "Gardening Illustrated" . . . 3/0 

Kitchen Gardening Made Easy. 

Showing the best means of Cultivating every known Vegetable and Herb, 
&c, with directions for management all the year round. By George M. F. 
Glenny. Illustrated 1/6 

Cottage Gardening: 

Or Flowers, Fruits, and Vegetables for Small Gardens. By E. Hoboat. 

1/6 

Garden Receipts. 

Edited by Charles W. Quin 1 /S 

Fruit Trees, 

The Scientific and Profitable Culture of. From the French of M. Do 
Brbuil. Fifth Edition, carefully Revised by George Glenny. With 
287 Woodcuts 3/6 

The Tree Planter and Plant Propagator: 

With numerous Illustrations of Grafting, Layering, Budding, Implements, 
Houses, Pits, &c. By Samuel Wood 2/0 

The Tree Pruner: 

A Practical Manual on the Pruning of Fruit Trees, Shrubs, Climbers, and 
Flowering Plants. With numerous Illustrations. By Samuel Wood 1 /6 

•»• Tfu above Two Volt, in One, handsomely hay-bound ^ price 3/6. 

The Art of Grafting and Budding. 

By Charles Baltet. With Illustrations 2/6 
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MATHEMATICS, ARITHMETIC, ETC. 
DttsoriptiTe Geometry, 

An Elementary Treatute on ; with a Theory of Shadows and of Perspective, 
extracted from the French o( G. Moncb. To which is added a Descriptioa 
of the Principles and Practice of Isomethcal Projection. By J. F. Heathek, 
M.A With 14 Plates 2/0 

Praotioal Plane Geometry: 

Giving the Simplest Modes of Constructing Figures contained in one Plane 
and Geometrical Construction of the Groimd. By J. F. Heather, M.A. 
With 215 Woodcuts 2/0 

Analytical Geometry and Conio Sections, 

A Rudimentary Treatise on. By Tames Hann. A New Edition, re- 
written and enlarged by Professor j. K. Young .... 2/0 

Bvclid (The Blementa of). 

With many Additional Pmposuions and Explanatory Notes ; to which is 
prefixed an Introductory Essay on Logic By Hbnkv Law, CE. . 2/6 

•»* Soid also separately^ viz : — 
Snolid. The First l*hree Books. By Henry Law, C.E. . . .1/6 
BuoUd. Books 4, 5. 6, II, 13. By Henry Law, CE . . .1/6 

Plane Trigonometry, 

The Elements of. By Jambs Hann 1/6 

Spherical Trigonometry, 

The Elements of. By James Hank. Revised by Charles H. Dow- 
ling, C.E 1/0 

•»• Orw/t/t " TIu EUtnenU of Plane Trigonometry^* in One Volutnet 2/6 

Differential Calculus, 

Elements of the. By W. S. B. WoOLHOUSE, F.R.A.S., &c . .1/6 

Integral Calculus. 

By Homsksham Cox, B.A. 1/6 

Algebra, 

The Elements of. By James Haddon, M.A. With Appendix, contatnins 
Miscellaneous Investigations, and a Collection of Problenui . . 2/0 

A Key and Companion to the Above. 

An extensive Repository of Solved Examples and Problems in Algebra. 
By J. R. Young 1/6 

Commercial Book-keeping. 

With Commercial Phrases and Forms in English, French, Italian, and 
German, by James Haddon, M.A. 1/6 

Arithmetic, 

A Rudimentary Treatise on. With full Explanations of its Theoretical 
Principles, and numerous Examples for Practice. For the Use of Schools 
and for Self-Instruction. By J. R. Yuunu, late Profesbor of Mathematics 
in Belfast College. 1 hirteenth Edition 1/6 

A Key to the Above. 

By J. R. Young 1/6 

Bquational Arithmetic, 

Applied to Questions of Interest, Annuities, Life Assurance, and General 
Commerce ; with various Tables by which all Calculations may be greatly 
facilitated. By W. Hipsley 1/6 

Arithmetic, 

Rudimentary, for the Use of Schools and Self-Instruction. By Jame*; 
Haddon, M.A. Revised by Abraham Arman . . . .1/6 

A Key to the Above. 

ByA. Akm\n 1/6 
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Mathematical Instrumenta : 

'iheir Coastruction, AdjustnieiU, Testing, and Use concisely Explained. 

By J. F. Heaihrk, M.A., of the Royal Military Academy. Woolwich. 

Fourteenth Edition, Revised, with Additions, by A. T. VValmislbv, 

M.I.C.E. Orijiinal Edition, in x vol.. Illustrated .... 2/0 

*»* In ordering the abavet be careful to say " Original Edition^* or give the 

mntil^er in the Series (32), to distinguish it from the Enlarged Edition in 

3 vols, (as /ollorvs\^ 

Drawing and Measuring Instruments. 

Including— I. instruments employed in Geometrical and Mechanical Draw* 
ing, and in the Construction, Copying, and Measurement of Maps and 
Plans. II. Instruments used for the purposes of Accurate Measiu^ment, 
and for Arithmetical Compuutions. By J. F. Heather, M.A. . 1 /6 

Optical Instruments. 

Including (more especially) Telescopes, Microscopes, and Apparatus for 
producing copies of Maps and Pians by Photography. By J. F. Hbathbr, 
M.A. Illustrated 1/6 

Surveying and Astronomical Instruments. 

Includm^ — I. Instruments used for Determining the Geometrical Features 
of a i>ortion of Ground. 1 1. Instruments employed in Astronomical Ob* 
servations. By J. F. Hbathbr, M.A. Illustrated. . . .1/6 

*♦* The above three volumes form an enlargement 0/ the Authot's original work, 
" Atatliematical Instruments^*' price 2/0* {Described at top ojf page.) 

Mathematical Instruments: 

Their Construction, Adjustnient, Testing and Use. Comprising Drawing, 
Measuring, Optical, Surveying, and Astronomical Instruments. By J. F. 
Heather, M.A. Enlarged Edition, for the most part entirely re*wntten. 
The Three Parts as above, in One thick Volume. . . , . . 4/6 

The Slide Rule, and How to Use It. 

Containing full, easy, and simple Instructions to perform all Business CaN 
cul:«tions with unexampled rapidity and accuracy. By Charles Hoars, 
C.E. With d Slide Rule, in tuck of cover. Seventh Edition . . 2/6 

Logarithms. 

With Mathematical Tab'es for Trigonometrical, Astronomical, and Nautical 
Calculations. By Henrv Law, C.E. Revised Edition . . . 3/0 

Compound Interest and Annuities (Theory of). 

With 'J ables of Logarithms for the more Difficult Computations of Interest, 
Discount, Annuities, &c., in all their Applications and Uses for Mercantile 
and State Purpo.ses. By Fbix>r Thoman, Paris. Fourth Edition . 4/0 

Mathematical Tables, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is 
prefixed a Treatise on Logarithms. By H. Law, C.E. 'J'ogether with a 
Series of Tables for Navigation and Nautical Astronomy. By Professor J. 
R. VouNG. New Edition 4/0 

Mathematics, 

As applied to the Constructive Arts. By Francis Campin, C.E., &c. 
Third Edition 3/0 

Astronomy. 

By the late Rev. Robert Main. F.R.S. Third Edition, revised and cor* 
rected to the Present Time. By W. T. Lynn, F.R.A.S. . . . 2/0 

Statics and l>ynamics, 

The Principles and Practice of. Embracing also a clear development oi 
Hydrostatics, Hydrodynamics, and Central Forces. By T. Bakbr, CE. 
Fourth Edition ... 1/6 
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BOOKS OF REFERENCE AND 

MISCELLANEOUS VOLUMES. 

A Diotlonary of Paint«rs, and Handbook for Pioture 
Amatours. 

Being a Guide for Visitor* to Public and Privata Picture Galleries, and for 
Art'Students, including Glossary of Terms, Sketch of Principal Schools of 
Painting, &c. By Phiupfb Daryl, B.A. 2/6 

Paintin|[^ PopularlY Bzplained._ 

-'---' Fresco, 
iliniature, 

6/0 

A Diotlonarv of Terms used in Architeoture, Build- 
ing, Bntfineerintf, Mining, Metallur^, Aroha- 
ology, the Fine Arts, Ac 

By John Wbalb. Sixth Edition. Edited by R. Hunt, F.R.S. . 6/0 

Music: 

A Rudimentary and Practical Treatise. With nnmeroos Examples. By 
Charles Child Spbncbk 2/o 

Pianoforte, 

The Art of Playing the. With numerous Exercises and Lessons. By 
Charles Child Sfencee 1/6 

The House Manager. 



A Guide to Housekeeping, Cookery, Pickling and Preserving, Household 
Work, Dairy Management, Cellarage of Wines, H<Hne>brewing and Wine- 
making, Gardening, &c. By An Old Housekbeper . . 3/6 

Manual of Domestic Medicine. 

By R. Gooding. M.D. Intended as a Family Guide in all cases of 
Accident and Emergency. Third Edition, carefully revised . . 2/0 

Management of Health. 

A Manual of Home and Personal Hygiene. By Rev. James Baird 1 /O 

Natural Philosophy, 

For the Use of Beginners. By Charles Tomlinson, F.R.S. . .1/6 

The Blementary Principles of Blectric liightin^. 

By Alan A. Campbell Swinton, M.Imst.CE., M.I.E.E. Fourth 
Edition, Revised [/m/ Publiihtd \ /6 

The Blectric Telegraph, 

lu History and Progress. By R. Sabine, CE, F.S.A., &c. . . 3/0 

Handbook of Field Fortification. 

By Mayor W. W. Knollvs, F.R.G.S. With X63 Woodcuts . . 3/0 

liOgic, 

Pure and Applied. By S. II Emmens. Third Eklition . . •1/6 

Locke on the Human Understanding, 

Selections from. With Notes by S. H. Emmens . . • .1/6 

The Compendious Calculator 

{Intuttivt Calculations), Or Easy and Concise Methods of Performing the 



various Arithmetical Operations required in Commercial and Business 
Transactions ; together with Useful Tables, &c. By Daniel O' Gorman. 
Twenty-seventh Edition, carefully revised by C. Norris . . . 2/6 
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Measures, Weights, and Moneys of all Nations. 

With an Analysis of the Christian, Hebrew, and Mahometan Calendars. 
By W. S. B. WooLHOUSE, F.R.A.S., F.S.S. Seventh Edition . 2/6 

Grammar of the Bn^Iish Ton^e, 

Spoken and Written. With an Introduction to the Study of Comparative 
Philology. By Hyde Clarke, D.C.L. Fifth Edition. . . i 1/6 

Diotionary of the Bn^lish Language. 

As Spoken and Written. Containing above 100,000 Words. By Hvdb 

Clarke, D.CL. 3/6 

Compute with the Grammar, 5/6. 

Gomposition and Punctuation, 

Familiarly Explained for these who have neglected the Study of Grammar. 
By Justin Brenan. i8tu Edition. 1/6 

Frenoh Grammar. 

With Complete and Concise Rules on the Genders of French Nouns. By 
G. L. Strauss, Ph.D 1/6 

Bnglish-Frenoh Diotionary. 

Comprising a large number of Tenns used in Engineering, Mining, &c. 
By Alfred Elwes 2/0 

French Dictionary. 

In two Parts — I. French-English. II. English- French, complete in 

One Vol 3/0 

*»* Or with the Grammar, 4/6- 

French and English Phrase Book. 

Containing Introductory Lessons, with Translations, Vocabularies of Words, 
Collection of Phrases, and Easy Familiar Dialogues . . . .1/6 

German Grammar. 

Adapted for English Students, from Heyse's Theoretical and Practical 
Grammar, by Dr. G. L. Strauss . . . . . . .1/6 

German Triglot Dictionary. 

By N. E. S. A. Hamilton. Part I. German-French-English. Part IT. 
English-German-French. Part III. French-German-Englisn . . 3/0 

German Triglot Dictionary. 

(As above). Together with German Grammar, in One Volume . 5/0 

Italian Grammar. 

Arranged in Twenty Lessons, with Exercises. By Alfred Elwes. 1 /S 

Italian Triglot Dictionary, 

Wherein the Genders of all the It:«lian and French Nouns are carefully 
noted down. By Alfred Elwes. Vol. I. Italian-English-French. 2/6 

Italian Triglot Dictionary. 

By Alfred Elv.es. Vol. II. English-French-Italian . . . 2/6 

Italian Triglot Dictionary. 

By Alfred Elwes. Vol. III. French-Italian-English . . . 2/6 

Italian Triglot Dictionary. 

(As above). In One Vol 7/6 

Spanish Grammar. 

In a Simple and Practical Form. With Exercises. By Alfred Elwes 1 /S 

Spanish-English and English-Spanish Dictionary. « 

A Including a large number of Technical Terms used in Mining, Engineering, 
&c., with the proper Accents and the Gender of every Noun. By Alfred 

Elwes 4/0 

*>* Or with the GRAUUKRt 6'0. 
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PortvfottStt Grammar, 

In a Simple and Prmctical Form. With Exercises. By Alfred Elwcs 1 /Q 

Portv^ttStt-Bntflish and Bnglish-Portu^^stt Dio- 
tionarv. 

Including a large number of Technical Terms used in Mining, Engineering, 
ftc, with the proper Accent^t and the Gender of every Noun. By Alprrd 

Elwes. lliird edition, revised 6/0 

%* Or with tht Grammar, 7/0* 

JLnimal Physios, 

Handbook of. By Dionv.sius Larokbr, D.CL. With 500 lUostrations. 

In One Vol. (733 P*S««)i cloth boards 7/6 

•»* Sold tUf in Tw0 Pmrts, at /•Hows:— 
Animal Phn'sics. By Dr. Fmrdnrr. Part I., Chapters I.— VII. 4/0 
Animal Phv^ics. By Dr. Lardner. Part II., Chapters VIII.— XWH. 

3/0 
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WEALE'S SCIENTIFIC & TECHNICAL SERIES, 

MATHEMATICS, ARITHMETIC, &c, 

Geometrv, Descriptive. J. F. Hkatheb . , . z/-- 

Practical Plane Geometry, J. F. Heather, , , 2/- 

Anaiytical Geometry- J* Hann & J. R, Young , , a/- 

Geometry. Fart I. (Eiadid, Bks. I.— III.) H. Law j/6 

Flirt IT, (Enelid, Books I V, , Y,, YI, , X I . , 

XIL). K Law . , , . ,1/6 

Geometry I in i 70L (Euclid's Element!*) , . . . 2/6 

Plane Trigonometry, J, Hann , , , , 1/6 

Spherical Trigonometry, J. Hanx' ♦ , , , i/- 

Tlxe above 2 vols,, bound together , , , 2/6 

Differential Calculus, W, 3, B. WooLBausE , . 1/6 

Integral Calculus. H, Cax ..... 1/6 

Integral Calculus. J, HAEra i/^ 

Algebra. J. Haddon *,.,,,. 2/-^ 

Key to ditto * 1/6 

Book-keeping. J, H addon 1/6 

Arithmetic, J, K, Youfg 1/6 

Key to ditto , . , 1/6 

EquatLonal Arithmetic, W, Hipsley . , , . 1/6 

Arithmetic, J, Haddon r/6 

K%^ to ditto 1/6 

Mathematical Instruments, Heatuek Jt Walhisliy 2/^ 

Drawing & Measuring Instruments- J, F, Heather 1/6 

Optical Instruments. J, F, Heather , , , j/6 
Surveying & Astronomical Instruments^ J. F, 

Heather . . , 1/6 

The above 3 vols*, bound togetlier , . . , 4/6 

Mensuration and Measuring, T, BAHisa , , , 1/5 

Stide Rule, & How to Use it. C. Hoari . , 2/6 

Measures, Weights, & Money** W, S, B, WooiHouaB 2/6 

Logarithms, Treatise on, with Tables, H, Law , 3/^ 

Compound Interest and Annuities, F, Thoman , 4/- 

Gompendious Calculator. D. O'Gorsian , , 2/6 

Mathematics, F. Cam pin 3/L 

Astronomy, R, JUain k W, T. Lynn , . , , zj- 

Statics and Dynamics, T, Baker , , , . 1/6 

Superficial Measurement, J. Hawkinga , , 3/6 

CROSBY LOCK WOOD & SON, 7. StatiOTiers' Hall Court, EX. 
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BUILD1J\u & ARCHITECTURE. 

Bulldmg E«tatet< F. Maitland , . , . 2/- 

Science of Building. £. W. Tarit . . < • 3/^ 

Buildtng, Art of. K. Dosj^o^i » ,. . . < 2/- 
Book on Building. Sir E. Br€Krtt . . . . * 4/6 

Dwelling Houses, Erection of. S. H. Brooki • 2/6 

Cottage Building. C. B. Allkn 2/- 

Acoustki of Public Buitdmgs. Prof. T. R SMfTH. 1/6 

Practical Bricklaying. A> IUmvokd . . » . 1/6 

Practical Brick Cutting & Sttting. A> Hammoio^. 1/6 

Brickwork, F. Walker . . . * . • 1/6 

Brick and THe Making. E. Dobhox . » . . 3/- 

Practical Brick & Tile Book. Dqbson k Hamiiokd 6Jf- 

QtrpentrY and Joinery. T. TEinooLD i E. W, Tarh 3/6 

Atlas of 35 plates to tho iLbor« 6/- 

Hand railing and Stalrcasing. Q« Gollinoi . .2/6 

Circular Work in Carpentry. G, Ooixixom . '• 2/6 

Roof Carpentry. 0. Colli Noa . * , . • 2/- 

Construction of Roofs* E, W, Tark . , * . 1/6 

Joints uaad by Builders* J. W» Chkistt , . 3/- 

Shoring. Q. H. BtAQKovi 1/6 

Timber I m porter's & B ullder's Quide. E. E. QRAja>r 2/- 

Plumbing, W. P, BU0HAK . . . . - • 3/^ 

Ventilation of Buildings. W. P. Buchan . • 3/6 

Practical Plasterer. W* Kimp . , , , , 2/- 

House-Palnting. E. A. Davidson .... 5/- 

Elementary Decoration. J. W, Fagxt . , , • 2/- 

Practical House Decoration, I, W. Facet . . 2/6 

Qas-Fitting. J. Black 2/6 

Portland Cement for Users* H, Faija » , • ^- 

Llmes, ComentSt & Mortars, O. K. BtTRHKLL . . 1/6 

Masonry and Stone Cutting. E. Dobson . . 2/6 

Archesi Piers, and Buttresses. W. Blakd * • 1/6 

Quantities and Meaaurentents, A, 0. Eeatox • 1/6 

Complete Measurer, R. IIokton' . . . • 4/- 

Llght, for use of Architects. E. W. Takn . . 1/6 

Hints to Young Architects. WtoHTWicK k GinLi^tmi 3/6 

Dictionary of Architectural Terms, J, Wiale • 5/- 
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Brass Founder's Manual W. Gtuham . 

French Polishing and Enameltrng, R. Bitmzad 
House Decoration. J. W. Facet . . . - 
Letter-Painting Mada Easy. J. 0« BAI>£^^ocI] , 
Boot and Shoemaking, J, B. Lxno . . , 
Mechanical Dentistry* C. Huntb& , 
Wood Engraving, W. N, IIbowk* • . , 
Laundry Managenrient , , . • * 



a/- 

S/- 
1/6 

a/- 
3/- 
1/6 

a/- 
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